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Road | Rollers & "Tractors. 


A. eS Mmiora, Li 


CULVER STREET WORKS, COLCHESTER, 
Ow ADMIRALTY aND WazB OrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See advertisement pages 24 and 25, 

PATENT WATER-TUOBE BOILERS, 
AUTOMATIC PEED REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 


2179 

Dene e. bes. 
FLOATING ‘CRANES. 
VESS: 


MOO AL  BUNKERING 
ELS. 





Werf Conrad, HO peoman 
Agents: MARINE WORKS, Lrp., Friars House, 
39-41, New Broap Sr. , LONDON, B.C. 2 2. 

See half-page Advert. last week and nert week 675 
ranes.—E lectric, Steam, 

taba $f ne HAND, 
d sizes. 
GEORGE SUSE LL & 0O., Lrp., 
Motherwell, near lasgow. 9948 
STBHL TANKS, PIPES, GASHOLDERS, éc. 


r[ihos. Piggott & Co. Limited, 


INGHAM. 141 
See Advertisement last week, page 


nanan Hopwood } Ks 


LBRS, 
Sole Makers: SPRNGHH BONBOOURT, 
Parliament 1 Victoria §t., London, 8.W. 


[iank Locomotives. 
Specification and ee on me equal to 


Main Line Locomott 
R.& W. HAWTHORN, LESLIE & & CO. Lap., 
ENGINEERS, NEWOASTLE-ON-Tywe. 


(Nochran 

















MULTITUBULAR AND 
OROSS-TUBE TYPES. 


See page 17. Boers. 
B, & De 


Reported U; Gree 


jar dn tratford. Wire: “Re 
—Great Hastern Road, Stratford, 


Brett's Patent Lifter Co. 
ammers, Presses, Furnaces, 
COVENTRY. 610 


[2vincible (j2uge (j lasses. 


BUTTERWORTH BROS., Ltd., 
Newton a wt ng Works, 
Od 9753 


9047 


M.I.Mech.E., 


Inspected, Tested and 
25 years’ experience. | noe 














0. , LID., 
Y ARROW * “GusSdovw. 
PASSENGER AND CARGO STEBAMERS, 


SHALLOW DRAFT VESSELS. ns 


(Sampbells & y=: | Pre 
Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
+ Bevel and Mitre Wheels planed up to 3 ft, diam. 


Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS. 4547 


'V OSPER_ & & Co. Lrp., 


SHIP & LAUNOH “BUILDERS, Od 3551 
ENGINEERS & BOILER MAKERS, 


ement.— Maxted & Knott, 
Lrp., Consulting Cement Engineers, ADVISH 
GENERALLY on = ee Cement Schemes FOR 
ENGLAND AND ABROAD. ADVICE ONLY. 
Highest References. Established 1890. 
Address, BURNETT AVENUE, HULL. 
Cablegrams: “‘ Energy, Hull.” 


IL FUEL APPLIANOKS, 
O aa 


chaps wa 5 Aik, STEAM 
For Boilers o) he 
eg LE: ES PT MITRD, 
» The Temple, Dale Street, 
Seceepest. 
Naval Outfits Speciality 
also for Merchant Ships, 744 











9762 





Supplied to the 

other Governments. 
Telephone No.: Central 2832. 
Telegrams: ** Warmth.” 


[_ccomotives Tank Engines 


WARDLH AND COMPANY, Lorex 
Od 2487 


See their Tilge ante Advertisement, , 
RAILWAY AND TRAMWAY ROLLING STOOK. 


He Nelson & (o- [4 


Pn Oe ee ee 


R bs Pickering & & & Co., Lid., 


BUILDERS of SATLWAY CAR! CARRIAGES & WAGONS. 
MAKERS of WHHELS and AXLBS of all kinds, 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices: 
WISHAW, near GLASGOW. 
London Office: 
8, VicroRia 


enry Butcher & Coa, 


AUCTIONEERS, VALUERS anp 
for 
ayp ALLIED TRADES 
and 
INDUSTRIAL PROPERTIES, 9866 
63 and 64, CHANCERY LANE, LONDON, W.C.2. 


4078 








Od 8353 
Srreer, Wesrmiverer, 8.W. 





SURVEYORS 


ENGINBERING 





Rlecttic Cranes. 


8. H. HEYWOOD. & CO., LTD., 
REDDISH. 


Filectrie (['ransporters. 


8S. H. HEYWOOD & CO., LTD., 9862 
REDDISH. 





Puller, Horsey, Sons & Cassell. 
SPECIALISTS 
in the 
SALE AND VALUATION 
PLANT AND MACHINERY 


an 
ENGINEERING WORKS, 
11, BILLITER SQUARB, 5.0.3. 


1834 





Iron and Steel 
f bis o6 and ittings. 


. ot Armco” Ht sod or Britain Be Sosepeteeare 
“aT 
The Scottish Tube Co. “s Ltd., 


Heap Orrick; 34, Robertson Street, Glasgow. 
Bee Advertincment page Of, Nov. 3 


SS ea » 


Birkenhead. 


See Illustrated Advertisement Page 29, Nov. 24. 


Locomotive ShuntingCranes 


EXCAVATORS, CRANE-NAVVIES, GRABS, 
CONCRETE-MIXERS 
sures cr MacHiwany. 4 
DECK MA RY. 
Lists oF STaNDA«RD S128 ON APPLICATION, 


London Office; 15, VICTORIA STREET, 8.W. 1, 





m obn H, Witson re H. 


Steam and Eitectric Cranes L, 


687 | MOTO 


ohn ellamy, imited, 
J (8? ais osm F 
GENERAL ConsTRUCTIONAL ENGINEERS, 


Boilers, Tanks, & Mooring Buoys 
STs, PeTaot Tayxs, Aim RECRIVERS, STEEL 
Cuuoreys, RIVETED STeaM xD VENTILATING PIPES, 
Hoppers, Spxciat Work, REPAIRS OF ALL KINDS. 


1216 


oyles Limited, 
RNGINEERS, IRLAM, MANCHESTER. 

FEED WATER HEATERS, ao 
CALORIFIERS, BVAPORATORS, > BOWS 
OONDENSERS, AIR HEATERS 
Merrill's Patent TWIN Srharirmns for Pump 


Suctions 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL Fs aEDUOr FITTINGS, 
ATER SOFTENING and FILTBRING. 6723 





IRON & STEEL 


TL ites AND Fittings 
AND 


Steel E'lates. 
Sacuins AND Ea owe: Lia. 


GLASGOW - BIRMINGHAM LONDON. 
See Advertisement b Page 58. 9952 


conomy ! 
EK y 


HIGH BOILER EFFICIENCES 
ARE OBTAINED BY INSTALLING 


[lodd Qi Brrrers 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINBRS. 
49-51, EastoHeEap, Lonpon, E.C, 3. 
TODD SHIPYARDS CORPORATION, 


Builders - Steam and Motor Ships, Repairers, 
ectric Drive Installations. 


Sicsanides Floating Docks, Two Graving Docks, 
Twelve Shipways. 
26, Broadway, New York, U.S.A. 


[the io Railway 


eering Company, 
aieae, G Ow. Lrp., 
London Office—12, Victoria Street, 8.W. 





9960 





ACTURERS OF 
WAGON & TRAMWAY 
H & AXLES. 
CARRIAGE & WAGON oo 
CAST-STHEL AXLE BOXES 


SPEROLFY —— STEBL cna. 
[ihe St mn woes on 

Sole Manufacturers DLESS ORAINS, Lrp., 
60, WELLINGTON STRunT GLASGOW. 


ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, LeapenuHa. Sr., B.C. 3. 
Works: Buryr x Mint. 1 - rs Haxk.ow, Essex. 


Makers 
Brepeenting and Distilling Plants. 
~ 7 erating and Ice-Making essere 
e 


—. 
te 


Manvr. 
RAILWAY CARRIAG 
WHE 








J 


eaters. 
Water Distillers. 
tain Feed aves. 
ulating and Air Pumps. 
neers, 


YARROW & be fot), LTD., 


LAND AND MARINE 


YARROW BOILERS. 


a 819 
Mitthew pal & Co. LL: 
Lxvenrorp Works, Dumbarton. 
See Full Page Advt., pige 58, Nov. 10, 


Forgings. 
Waiter Gomers, Limited. 


J 
HALESOWER. 7116 








Taylor & (jhallen 


resses 


Production SHEET METAL WORK, 
COINAGE CARTRIDGES AND GUNPOWDER. 
Foundry, Works, and Showrooms: BIRMINGHAM, 

See half page advert., page 60, Noy.10. 8195 


He W ightson & Co. 


LIMITED, 





of 





See Advertisement page 64, 
R ailway 
Switches and 


rossings. 
T. SUMMERSON & SONS, LIMITED, 
Dagiineron, 





GRAPHITED 
OIL. 


“ OILDAG” 


(Reg.) BRAND. 


GRapuirep 
WATER. 


“AQUADAG” 
(Reg) BRAND, 
GREASE. 


“GREDAG” 


E. G. Acheson Le 


Sele Beaehotee) Works; 
PLYMOUTH, 





Combined Circu 
L} ifts 


Auxiliary — 4% 
K lectric 
; (UP TO 35 TONS.) 
8. H. HEYWOOD. z 0O., LTD., 
REDDISH. 


40, Bs ma = Sr. 8.W. 
f bpadegn-. 


ocomotive 
8. H. HEYWOOD & 00., LID., 
REDDIS 





Tus Giaseow Rotiine Stock any PLanr Works. 


urst, Nelson & Co., Ltd., 
BuildersofRAILWAYCARRIAGES,WAGONS, 
ELECTRIC CARS, and EVERY OTHER DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of Wurets and Axurs, Ratuway Pant, 
Foreines, Smita W: lnow & Brass Castines, 
Pressey Stexx Work or aut Kreps. 
Office and Chief Works: Motherwell. 
Office : 14, Leadenhall Street, B.C. 0Od3382 


iquid Air, and all other Gases. 
hand I td pny ny Eg ype 
n —— ri 





OUMPRESSORS 


Also ines to 1200 
GUNTRIFOGAL Sud other artes and D.C. 
RS, 200/280 volts, from ¢ to 600 HP, 


JENNINGS, 





West Walls, Newcastle-on-Tyne. 18 





(ELECTRIC), 

P & W, MacLellan, Ltd., 
, OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 

RAILWAY IRONWORK, BRIDGBS, ROOFING, Ac, 

Chief Offices : 129, Trongate, Glasgow. © Od 8647 


Registered Offices: Clutha House, 10, Princes St. 
Westminster, 8.W.1. ; 


Contrifuens 
Pott, ((aseels & WV illiamson, 


MOTHERWELL, SOOTLAND, 





939 
Seeshalf-page Advertisement, page 66, Nov. 24, 
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Manchester Steam Users’ 


ASSOCIATI 
For the prevention of Steam Boiler 
for the attainment of Bconom 
of Steam. 9, Mouwr SrTaretT 

Oniet Hingineer : 0. B. ‘STROMBYER, M.I.0.R. 

Pou Sm Wri Farnparen. 

Certificates ote hey issued under the Factory and 
Workshops Act, 1901. Com for Damages 
and Liabhitties ps paid in case ee non 
and Bollers inapected. durin g conmeuetion 


Al Engineering rd: 


Director of Facuincerng’ ee WHITS, B.Sc. 
Bng.), Hons. Lond. Expert or Private 
UITION in ALL ENGI SERING. ‘SUBJBOTS. 
for B Sc., Inst.C.B. and Mech. B. Special 7 A 
in SURVEYING, Dranghtemanship, GBOLOG 
Chenlstry FURL THCHNOLUGY and MINING 
courses, rite fur Prospectus to the Priycipa.: 
J. W. FARMERY, M.A, (Cantab.) ); Dept. EN, 
39, Victoria St., Westminster, § 
Tel. :—Victoria 4411 


he Institute of Physics. 


APPOINTMENTS REGISTER AND REGISTER 
OF CONSULTING PHYSICISTS, 
=e 7 pero mene Register Committee is pre- 
tee recommend to Public Departments, 
Treraitios and Colleges, Directors of Research, 
Manufacturers and others desirous of employing 
or consulting fully qualified Physicists, suitable 
persons pomaing special knowledge of any branch 
cs 


of Phys 
By Order of a5 Board, 


8. SPIBRS, 
10, Besex Street, Secretary, 
London, W.C. 2. W 436 











1922 ©. No. 1700. 

IN THE rit COURT bd a 

OHANCHERY DIV 
MK JUSTION RUSSBLL. 

IN THR MATTER OF LETTERS PATENT 
No. 22925 of 1906 granted to William Herbert 
Casmey in respect of an Invention for ‘*Im- 

rovements in or in connection with Steam 
enerators”’ 
and 


IN THR MATTER of the PATENTS 
DESIGNS ACTS, 1907 and 1909, 


otice is Hereby Given|acce 
thet the above named illiam Herbert 
Casmey and Holdsworth & Sons Limited have, 
by Originating Summons, applied that the term 
of the said Cetears Patent may be extended; 
and Notice is hereby given that on Tuesday the 
1éth day of January 1923 application will be made 
to the Ceurt that a diy may be fixed before which 
the said Summons shall not be in the Paper for 
hearing; and Notice is hereby given that any person 
desirous of being heard in opposition to the said 
Summons must at least seven days before the said 
1éth day of January 1923, lodge notice of such 
opposition at the Chambers of Mr, Justice Sargant, 
Room No. 157, Royal Courts of Justice, Strand, 
London, and 

Applicants 

Dated this 24th day of November 1922. 
STBAVENSON & COULDWELL, 

6, Fenchurch Street, London, B.C. 3. 
Solicitors for the Applicants, upon whom all 
documents requiring service may be served. W 945 


nst..C.E., I. Mech. E., B.Sc., 


and all Engineering Examinations, any G. P. 
KNOWLES, B.8c., M.B.E., A.M.Inst.C.B., F.S.I., 
M.R.8an.1., PREPARES CANDIDATRS personally 
or by correspondence. 
during the last sixteen 
mence at any time.—39, 
8.W. Tel. 4780 Victoria. 


1 

(Correspondence Courses for 
Inst. Civil or Inst.Mech.B., London Univ. 
Matric., Inter., B.Sc.), and ALL BNGINEBRING 
XAMINATIONS rsonally conducted by Mr. 
TREVOR W. PHILLIPS, B.Sc. (Honours), Assoc. 
M.inst.C.8., M.R.S.1., F.R.S.A., &c. Also Day 
Tuition in Office. Bxcellent results etal] Exams. 
urses may commence at any time, and all 
Students receive individual tuition.—For full par- 
tloulars apply to 8/11, TRarrorp CHAMBERs, 58, 
Sours Joun Srreer, LIVERPOOL, 575 


[>*. O.E. Exams.—Successes 


as usual last Exam. by Correspondence Coach- 

Ing. Successes hundreds, several prizes. Sec. 
" embraces 

Address, 7434, Offices of ENGINKERING. 


b 
a years’ professional experience.— 
(orrespondence » Courses for 
Inst. Meoa. B EXAMINATIONS, — Also 
Special Courses as follows: Works Organisation, 
Administration, Pneumatic Engineering, Crane 
Desiga, &e. — Address, W 927, Offices of BNGINF FRING. 


A Brochure on ‘** Engineering 
SALBSMANSHIP and SALES MANAGE. 
MENT,” with pean of a SPECIAL COURSE 
of training, “— | be sent post free on application to 
DIR#OTOR, Tue LInstirure oF NGINEERING 
Savesuanani, 333, Oxford Rd., Manchester, 


owering of ed 


AND 


serve a copy thereof upon the 





ears. Gani may com- 
ictoria St., Westminster, 
1020 











Vessels.—A 

Practical Oourse of Instruction by Corts. 
spondence.—Address, for particulars terma, 
1049, Offices of Evernernine. 








TENDERS. 


GRBAT NORTHERN RAILWAY COMPANY 
(LRBLAND), 


ZENDERS FOR SWITCHES. 
The Directors are prepared to receive 


f[fenders for the Supply of 


SWITCHES in accordance whe the Com- 
wears Sep ey and Specification, 
Copies of the Drawing, Specification, and Bees 
Form, may be obtained from the und 

Tenders, on the forms supplied by the edehial 
should be delivered, under sealed cover, endorsed 
* Tender for Switches,” not later than Ten a.m. on 
2 Oy » 2ist December, 1922. 

eD rectors do not bind 

the} lowest or any Tender, 





themselves to accept 
J, B. S2BPHENS, 
Amiens Street Station, 
ubdlin, 
‘20th November, 1922. 


—== 
SOUTH STAFFORDSHIRE WATERWORKS 
COMPANY. 


SANDFIELDS PUMPING STATION, 
LICHFIELD. 


Conrract No, 
The Chairman and Directors invite 


[lenders from Engineering 

Firms experienced in the . Con- 
struction and Erection of High Class wPing 
Engines and Marine Engine Work for SUPPLYIN 

and ERECTING DIKESKL or STEAM ENGINKS 
with ELECTRIC GENERATORS, FOROB PUMPS 
and WELL PUMPS, to be erected in the existing 
Engine Hi House at their Sandfields Pumping Station, 

ch field 

The plant to be*capable of pumping 4,000,000 
— per 24 hours continuously against a total 

ead of 440 feet, including friction. 

Copies of General Conditions, Specification, and 
Plans may be obtained from the undersigned. 

The lowest or any Tender will not necessarily be 


“oUED, J. DIXON, M.Inst.C.H., M.I.Mrcu.E., 
Bug. neer. 
18th November, 1922, 
264, Paradise Street, 
Birmingh W 866 
SOUTH Dee EPAUY. WATHKRWORKS 








RAE PUMPING STATION, 
HANCH RESERVOIR An! AND TUNNEL WATER. 


OHEMIOAL, TREATMENT AND FILTRATION 
INSTALLATION, 


Conrract No. 2. 
The Chafrman and Directors invite 


enders from Manufacturers 
experienced in the Design, Construction and 
Erection of Rapid Gravity or Pressure Filters, for 
the pur of. treating and filtering water at the 
Sandfields Pumping Station. 

The Plant to be capable of dealing with a maxi- 
mum supply of 4,000,000. gallons per 24 hours 
continuously. 

Copies of General Conditions, Specification, and 
Plans may be obtained from the undersigned. 

The aoe or any Tender will not necessarily be 


PRED D. J. DIXON, M.Inst.C.H., M.I1.Mrcu.8., 
Engineer. 
18th November, 1922. 
aradine Street, 
‘Birmingham. 


W 872 


BENGAL-NAGPUR RAILWAY COMPANY 


IMI 
The Directors are prepared to receive 


enders for :-— 
PNEUMATIC PLANT. 

AE and» Form of Tender can be obtained 
at the Company’s Offices, 132, Gresham House, Old 
Broad Street, London, B,.C.2, on or after 28th 
et se of fi te. will be ed for th ifi 

ee 0 8 c ‘or the s cation 
which will not be pede ee ‘ 

Tenders must be eae eng not later than Noon on 
Toseaey, 12th December, 1922 

irectors do not bind themselves to accept 
the lowest or any Tender. 
By Order of the Board, 961 
VOLKmRS, Sesicurs. 
G ENGINEERS. 


TO WATE 1 
THE BOARD OF AGRICULTURE FOR 
SCOT invite 


y | ‘enders for the following 
PLANT for Scheme in Forfarsbire, 
(a) The SUP mL. and ERECTION of a WIND- 
MILL PUMPING PLANT complete capable 
of raising 12,000 gallons per day. 
Dit to raise 10,000 gallons 


per da: 
(c) ™~ SUPPLY and INTRODUCTION of an 
OIL or PETROL BNGINE PUMPING 
PLANT complete to raise 12,000 gallons in a 
period of from four to five hours. 
(p) Ditto itto to raise 10,000 gallons 
Ditto Ditto. 


Specifications can be obtained on application to 
the Board’s Chief — or. 
L cimmpacas 


ecretary. 
Board of pastocinece for Scotland, 
York Buildi ngs, 
Edinburg 
BAST INDIAN RAILWaY. 
The Directors are prepared to receive up to Eleven 
o'clock a.m,, on Wednesday, the 13th December, 


[lenders for the Supply of :- 


1. AXLES for carriages and wagons, 
2, AXLEBOXRES for carriages and wagons. 
Copies of the specifications can be obtained at the 
Company's Offices on — of £1 1s, 0d. each. 
This fee will not be returned 
G. B. LILLIB, 


Secretary. 
73-76, King William Street, 
ndon, B,C 4 
29th November, 1922, W 971 


THE SOUTH peut RAILWAY COMPANY, 
LIMITED, 


pared to receive 
Tenders for or the Supply of :— 
ARB PARTS o: 
3. STEEL FISHPLATES 
COPPE 


f Car 

4. R RODS and I 
5. LEATHER HIDES, etc. 
ti Forms of Tender will be 
"a Offices, 91, Petty 


ressed to the Chairman and Directors 
of the South Indian Railway Sonera, ge 4 
marked:—“ Tender for Metals,” as 
may be, must beleft with the enaerst ed not later 
— Twelve noon on Friday, the 8th December, 


Tne Directors do not bind themselves to accept 
~ lowest or veh Tender. 
wil not be returned, will be made 
of dos. te for each y of the Specifications. 
hang be obtained at the 
Otown 
Sarees, ing 8 


W 941 








es and W 
poral Patterns). 


HITE & PARTNERS, 
ig th the Company, 3, Victoria 
A. MUIRHEAD, 


91 } France, S.W. 1. 
7th 





W 062 


ovember, 1922. 


THE HIGH pe ary gener a FOR INDIA 


a Hand Rigging complete, for Goods 
2. UNDERFRAMES and BODY IRON- 
-WORK for Railway Sasnges 
Forms of Tender may be obtained from the 
Director-General, India Store Department, Branch 
No. 16, Belvedere Road, Lambeth, §.H.1, and 
Tenders are to be delivered at that Office not later 
than Two o'clock p.m. on Tuesday the 19th Decem- 
ber, 1922, for No.1, and on Friday the 29th December, 
1922, for No. 2. 
T RYAN 


. W 944 
Director-General. 


aga Teter | rs for the Supply 
1. BRAKE: FITTINGS, Automatic Vacuum 


SOUTHPORT BIRKDALE AND WEST 
LANCASHIRE Wa‘ WATER BOARD. 


APPOINTMENT OF WATERWORKS MANAGER 
AND BEGIN EER. 


The Board i invite 


A Pplications for the Appoint- 

meat of WATERWORKS MANAGER ana 
ENGINEER. 

Applicants must be duly qualified Civil Engineers, 
not more than 45 years of age, and must have had 
experience in the management of a Waterworks 
supplied by Pumping from Deep 

e 

The calacy will be £750 per annum inclusive. 

Particulars of the qualifications, duties and 





GREAT NORTHERN RAILWAY COMPANY 
(IRELAND 


TENDERS FOR SLEEPERS. 
—_——— 
The Directors are prepared to receive 


[lenders for the Supply of 
‘ SOFTWOOD SLEEPERS, 9 ft. by 10 in. 
by 5 in, 

‘Tenders, made out on forms supplied by the 
Company, should be delivered, under sealed cover, 
esgeeed’ “Tender for Sleepers,” not later than 
Ten a.m, on Thursday, 14th December, 1922. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

J. B. STEPHENS, 
Secretary. 
ublin, 


22nd November, 1922. W 923 
ABERDEEN CORPORATION WATERWORKS. 


EXTENSIONS, 1920. 


Contract No, 8.—New AQUEDUCT. 
The Town Council of Aberdeen are prepared to 
receive 


enders from Competent 
Persons willing to. enter into a Contract for 
the MANUFACTURE and DELIVERY of about 
1§ miles of 4 ft dia. PIPES and SPECIALS of the 
following alternative types, viz. :— 
a. it Iron. 
B. Mild Steel (Lapwelded). 

The Drawings may be inspected and Specification, 
Schedule of Quantities, and Forms of Tender 
obtained, on and after 30th November, 1922, on 
a plication at the Water Engineer's Office, 41}, 

nion Street, Aberdeen. 

For each Specification of each type a deposit of 
Five Pounds sterling will be required, which sum 
will, after a Tender has been accepted, be returned 
to the Tenderer, provided that he shal! bave sent in 
a bona fide Tender, based on the drawings, specifica- 
tion and schedule of quantities provided, with the 
schedule of quantities fully priced out in detail, 
and shall not have withdrawn the same. 

Tenders, on the forms prescribed, and enclosed in 
securely sealed envelopes, endorsed “Tenders for 
Aqueduct PIPING,” are to be addressed to the 
undersigned. No Tender delivered after Five p.m. 
on the 14th December, 1922, will be considered. 

The Town Council do not cage themselves to 
accept the lowest or any Tende: 

GBORGE MITOBELL, "Mt. Inst.C.B., 
Water Engineer, 
Water En 


414, 


Amiens Street Station, 





neer’s Office, 

nion Street, 

Aberdeen. 

24th November, 1922. w 926 


ABERDEEN CORPORATION WATERWORKS. 
BXTENSIONS, 1920. 


Contract No. 9.—NEw AQuepuct, 
The Town Council of Aberdeen are prepared to 
receive 


TTYenders from Competent 
Persons willing to enter into a Contract for 
the TRANSPORTING, LAYING and JOINTING 
of 1$ miles of 4 ft. PIPING and ANCILLARY 
WORKS between WEST CULTS and PITFODELS, 
The Drawings may be inspected and Specification, 
Schedule of Quantities, and forms of Tender 
obtained, on and after 30th November, 1922, on 
application at the Water Engineer's Office, ‘eh 
nion mente Aberdeen. 

For each S fication a deposit of Five Pounds 
sterling will required, Re sum will, after a 
Tender has been accept be returned to the 
Tenderer, provided that | shall have sefit in a 

Tender, based on the Drawings, Specifica- 
tion and Schedule of Quantities provided, with the 
Schedule of Quantities fully priced out in detail, 
and shall! not have withdrawn the same. 

Tenders, on the Forms prescribed, and enclosed 
in securely sealed envelopes, endorsed ‘‘ Tender for 
AQUEDUCT PIPBLAYING,” are to be addressed 
to the undersigned. No Tender delivered after 
5 p.m. on the 14th December, 1922, will be con- 
sidered. 

The Town Council do not bind themselves to 
accept the lowest or any Tender. 

GEORGE MITCHELL, M.Insr.C.E., 


Water Bngineer. 
Water re neer’s Office, 
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APPOINTMENTS OPEN. 


diti of appointment can be obtained from 
the undersigned. 

Applications must be made en the official form 
and must reach me before 12 Noon on the eleventh 
day of December, 1922. 

vassing either directly or indirectly will be a 
disqualification. 
3. BRNEST JARRATT, 
Clerk to the Board. 
Town Hall, 


Southport, 


18th November, 1922. W 871 
\ \ Tanted, Metallurgist for 
large Industrial Plant. Must be conversant 
with the latest methods of heat treatment, temper- 
ing and case hardening of steel. Applicants should 
state qualifications, experience, past and present 
employers. which will treated confidential! 
METALLURGIST, WimuaM Porteous bo, 
Advertising Agents, Glasgow. 


Prust-rate Man Wanted “for 


Test House, capable of dealing with 
Inspectors and Steelworks practice generally.— 
Address. stating age, salary, experience, etc., W 958, 
Offices of ENGINEERING. 


Wanted, Rate Fixer used to 


small engine work.—Address, W 978, 
Offices of ENGINEERING. 


A Public Works Engineer 


alsoan ESTIMATOR of the highest standing 

REQUIRED to join an M.Inst.C.E. with strong 

financial backing starting as a Contractor. Only 

applicants at the head of their profession and wit 

undoubted ability will be considered. Age about 45. 

No investment necessary.—Address, in confidence, 
ving full details of experience, Ww 959, Offices of 
INGINEERING. 


Ezgineer Required by English 
Company to take charge construction 
about 50 miles railway, Portuguese East Africa. 
Salary £750 per annum and house.—Write, giving 
full rticulars with references (copies) te Box 

.C.,” cjo DAVIBS & CO., 95, Pompe, 
RC. 3. 957 




















anted, a Trained Engineer, 
with up-to-date experience in CONDEN- 
SING MACHINERY, to assist in Engineering 
Office of well known company making Condensing 
Plants a speciality. The ndidate should be 
accustomed to the ees of Tenders, as well 
as possessed of ability and expert knowledge, to 
enable him to successfully negotiate contracts. He 
should be a thoroughly g business man, with 
wide connections, and competent to develop the 
condensing machinery business. — Address, with 
fullest particulars, age, and salary required, W 935, 
Offices of ENGINEERING. 


THH YORKSHIRE ELEOTRIO POWER 
COMPANY, 





THORNHILL POWER STATION. 


A pplications are Invited for 
the VACANCY of CHARGE SHIFT 
ENGINEER. Applicants must Have bad a sound 
Theoretical and ctical Training and be con- 
versant with modern Power Station practice. 
Salary in accordance with N.J.B. Scale. 
Applications on Company’s form only to be 
obtained from THE YORKSHIRE ELECTRIC 
POWER COMPANY, 36, Park Place, Leeds. 
Letters endorsed ** ORG,” W 969 


COUNTY BOROUGH OF SALFORD. 
ELECTRICITY DEPARTMENT. 


RESIDENT CIVIL ENGINEER AND CLERK 
OF WORKS. 


lications are Invited 

the POST of yy CIVIL 

ENGINEBR and CLERK OF WORKS, to. super- 

vise, under the direction of the Consulting 

Engineers, the es Construction work of the 
—— Power Station. 

Applicants must have had suitable experience in 

_ work, concrete, and steelwork construction, 

vob connection with heavy Civil Engineering 

wer s. 
jan but thoroughly qualified applicants need 


"TA ppileations, endorsed ‘ Resident Civil Engineer 
lerk of Works,” stating age, experience, and 
sclaey required, with copies of three recent testi- 

jals, to be delivered at the office of the under- 








nion Street, 
Aberdeen. 

24th November, 1922. 

A Junior Engineering Assis-|{ 

TANT is REQUIRKD in the Drawing Office 
of an important MUNICIPAL UNDERTAKING 
in the Midlands, 

The successful applicant must be a good 
DRAUGHTSMAN and have had a suitable traini 
in WATERWORKS ENGINEERING AN 
SURVEYING. Preference will be given to As- 
sociate Members or Students of the Ihstitution of 
Civil Engineers. 

Applications, ebahiog Be a) experience, qualifica- 
tions, and salary requ together with co of 
three recent testimonials, to be sent to 942, 
Offices of ENGINEERING. 


I ucrative Appointment 
OPEN ina shi LAMA wel eer- 
ae ag > o< LEM § wei inown = 

ne 
ci nd an ate tracts f 
rai soma and highest gona “Address, 








Offices of ‘BNGINEERING. 





— not later than Thursday, 7th December, 
"Centering either directly or indirectly will dis- 
qualify. 

L. C. EVANS, 


W 968 
Town Clerk. 
Furst- class Engineering 

industry 
(London Office). 


DRAUGHTSMAN for — 

Knowledge of steam gententing 
plant and me = of gut engineering wor 
and theoretical ee 

pit Progressive position.— Particulars o 
bom eg eg age, and sa required to Box “ z” 
c/o The Re t Advertising Service, Ltd., 4, 
London “Wall 4d juildings, London, E.C, 2. W 928 


raughtsman Wanted. 
all classes of 


ae "Eeatelfagal Pu t pe, igh a a Ang 

ntrif ‘umps, w 
nate yf sta 
sai Bechuawe —~ 











Soib, “feown's Advertising Gace 
Glasgow. W 
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TRIAL TRIPS OF SHALLOW DRAUGHT 
RIVER STEAMERS. 


In this country trial trips as a rule are run by 
an expert with the assistance of a recording party, 
all having considerable experience in the work 
required to be done, but in the case of vessels 
built or re-erected abroad the whole work usually 
falls on the engineer in charge alone. As the results 
of the trials of these vessels are usually sent home 
to the builders, and used as data for future designs, 
great pains should be taken to make such data as 
accurate and complete as possible. 

The greatest difficulty is to record a correct 
speed owing to the varying strength of currents 
and tides and to the great speed of current flowing 
in some tropical rivers, and the first step towards 
accuracy should be to examine and check the 
measured mile course. 

The speed of inland vessels is usually taken in 
miles per hour, instead of knots, and the distance 
between the posts should be a full mile if possible, 
not a half mile only. Care should be taken to 
ensure that a vessel on the course is running exactly 
with or against the current, as it is obvious that if 
there is any cross current acting on the vessel a 
certain amount of helm must be carried to counter- 
act its effect, with the result that the speed will 
be reduced. The actual setting out of the mile 
posts should be done by a properly qualified sur- 
veyor and, if possible, the distance should be checked 
by a Port or Government authority, as this is often 
of advantage in case of disputes. The mile posts 
being accurately set out and certified, the course 
should be laid out and properly marked so that it 
can be easily picked up when required. 

Considerable practice is usually necessary in 
running over a measure mile course in order to run 
as straight as possible and also to keep the course 
parallel to the posts. Practice is also necessary 
in making the turns, specially at the mouth of large 
rivers, where not only is there the river current to 
deal with, but usually a rapid tide as well and a 
current speed of 4 m.p.h. is not uncommon. 

Regarding turning at the ends, it will be necessary 
when running the mile against the tide to carry 
on for a good distance past the last post before 
attempting to turn, otherwise the ship will be 
carried back on to the mile before she has got pro- 
perly straightened up on the course. At the other 
end, however, the turn should be made at once, 
as the current will carry the ship further from the 
mile all the time. The actual time of starting each 
mile should be carefully noted, as the speeds plotted 
on a time basis show very clearly the effect of the 
varying current. 

The effect of the current on the speed is very 
important, and should be carefully studied in order 
that the true speed may be arrived at as near as 
possible. For instance, consider a vessel to be 
making one double run, that is one run with the 
tide and one run against. Suppose that she sets 
off from the landward end of the mile just after 
high water when the ebb tide will be gaining strength 
all the time. The first run will be with the tide, 
but by the time the vessel has turned round and got 
back on to the course the speed of the tide will 
have sensibly increased, and ‘herefore the ship will 
have to run against a stronge. tide than she had 
in her favour on the first mile, and there a low mean 
speed will be shown. If, however, the trial had 
been delayed until nearer low water, or if the trial 
had started from the seaward end of the mile, 
then the opposite effect would have been observed. 


The following table shows the effects of the different 
conditions :— 





Trial begun from 





Sea End. Land End. 





Increasingebb .. es 
Slacking flood 


Fs High speed 
Slackingebb aN ; 


Low speed 


Low speed 


Increasing flood . . High speed 





__ It must be obvious that unless very great care 
is taken in observing the behaviour of the tides, 
although six runs are made, a very false speed may 
be recorded. In making a series of runs it some- 





times happens that the tide changes during the trial. 
It may then happen that a vessel may run down 
with the last of the ebb and then come up again 
with the first of the flood, and if a high speed is 
required instead of accurate results it is very easy 
to adjust the times to suit the tide. If the results 
are plotted on a time base the effect of any such 
adjustment can always be detected at once, but 
after all is said and done, it is practically impossible 
to get a true mean speed on a river with a strong 
current, specially with vessels of very low speeds. 

Considering now the procedure in the engine 
room, the first step is to arrange suitable communica- 
tion between the man who is taking the time and 
the engine room, so that the engineers may know 
when the vessel enters and leaves the mile. In 
many river steamers the engineers can see for them- 
selves, but it is always advisable to carry out the 
recognised signal. If at all possible, the engine 
telegraph should not be used for this signalling, 
but should be reserved for the purpose for which 
it is fitted, as it sometimes happens that in an emerg- 
ency the telegraph must be rung to “stop” or 
** full astern,” and if it has been ringing promiscu- 
ously all day for other reasons the engineer may 
excusably fail to pick up the correct signal. It is 
much better to fit up a temporary electric bell 
circuit from bridge to engine room, and the time- 
keeper on the bridge may hold the push in his hand 
with his watch. It is possible to make a special 
push which will hold the stop watch as well. Under 
these circumstances the telegraph need not be 
touched from beginning to end of the trial, but 
if in case of emergency need should arise the 
engineers will respond at once and stand by for 
trouble. 

The next engine room point of importance is the 
running of the machinery, and on this, to a very 
large extent, depends the whole result of the trials. 
Many engineers who run trials have it firmly 
fixed in their minds that a measured mile trial should 
be run with all the valve gears fully linked out and 
the throttle valve and stop valves full open, no 
matter what the steam pressure is at the end. 
Then they close everything up and the ship crawls 
about until the steam rises again. Nothing could 
be more unlike the proper procedure. 

As soon as the ship has left the wharf and has 
got out into the fairway and, excepting accidents, 
no further manceuvres will be required by the main 
engines, the engineers should be informed and they 
should immediately proceed to open out the main 
engines very slowly, adjusting circulating and feed 
pumps as necessary, watching steam pressure and 
vacuum, feed temperatures, &c., until the engines 
are brought up to full speed shortly before the 
measured mile course is reached. 

The boilers also should be attended to, water 
levels equalised and marked, so that a steady 
level may be maintained, and the trial finished with 
the same amount of water in the boilers as there 
was at the beginning. The water level should 
not be too high or priming will result, and should 
not be too low or cold water may have to be pumped 
in before the end of the trial. Every effort should 
be made to prevent loss of water from hot well 
overflow or other leakages in engine room, as it is 
necessary to replace this with cold water. This 
should be done very slowly to avoid loss of steam 
pressure or sudden change in the boiler circulation. 

The furnaces also should be attended to before 
starting on the mile, all clinker and ashes removed 
and a good even fire obtained. Firing should be 
little and often to maintain conditions as steady 
as possible, but, at the same tine, the furnace door 
should be open as little as possible. Tubes and 
back ends should be clean, and all dirt removed 
from stokehold. 

The speed should then be maintained until 
word is given that all runs have been made and the 
trial is complete, when the engines should be slowed 
down, the furnace dampers closed, boiler pressure 
allowed to fall and water level pumped up. 

When running trials with a non-condensing engine, 
which exhausts into the funnel, it should be remem- 
bered that the boiler is designed to generate sufficient 
steam with a very brisk draught in the furnace, and if 
the engine is running slowly the draught will probably 
not be sufficient and therefore the steam pressure 
will fall. - It will always be found, however, with 





an exhaust blast in the funnel that the faster the 
engine runs the more steam is generated, and only 
by running nearly full speed can the steam pressure 
be maintained. It will, therefore, be necessary 
to run the engine well up to speed some time before 
the vessel enters the first mile to make sure that the 
steam is up to the working pressure. On no account 
should any vessel be taken on the mile until the 
engine room has given “ all ready.” 

During the run from the yard to the mile the 
indicator gear must be adjusted. This is usually 
done under difficulties as the strings are fitted the 
day before the trial, when the engines are stopped 
and cannot be turned, while on the day of the trial 
the engines cannot be stopped and the final adjust- 
ment of strings is sometimes rather difficult. Every 
effort should, however, be made to ensure the trans- 
mission of a proper motion to the indicator drum 
as without that the resulting diagrams will be of 
little value. 

Feed water, circulating discharge and sea tem- 
peratures should always be taken, also, of course, 
the steam pressure and vacuum gauges. It is 
very unusual to find a pressure gauge fitted on the 
H.P. receiver, and if a temporary one can be con- 
veniently fixed here for the trial it should be done. 
It shows at a glance what steam pressure is actually 
being used in the engine and checks the initial 
pressure on the H.P. card. It also shows what 
pressure drop is taking place between the boiler 
and engine, due to boiler stop valves, tee pieces, 
pipes and throttle valve. All gauges should be 
tested before being fitted on board and also, if 
possible, by a test gauge in position after steam 
has been raised. 

For the purpose of counting the revolutions 
of the main engines, a counter should always be 
fitted and as long an interval as possible be used, 
To count the revolutions of the engine for one minute 
may seem to be quite easy, but far more accurate 
results will be obtained by timing the engines by the 
stop watch over say 500 revolutions, and making 
the necessary calculation, even if this method 
involves alittle trouble. This is especially necessary 
in the case of very high speed screw engines. 

If possible feed water and fuel should be measured. 
This is specially important abroad because it is 
very seldom done and very little accurate or reliable 
information is obtainable by the builders in this 
country, with the result that boilers are sometimes 
made too small, which makes a ship an anxiety 
to all concerned all the days of its existence. 

It is now possible to get accurate meters for steam 
and feed water so that it is no longer necessary 
to make temporary complicated arrangements of 
tanks and piping, and if a properly made coal- 
measuring ring is obtained there is no great difficulty 
in measuring the coal either. The information 
obtainable makes it worth while to endeavour 
always to measure fuel and water. With a steam 
meter fitted in the steam pipe it is possible to see 
at once the effect of any change in linking up or 
other working conditions, and this instrument 
might easily be left in place for a short time for 
the benefit of the chief engineer. 





FULLY HYDRO-ELECTRIC POWER 
STATION, SWITZERLAND. 
(Continued from page 639.) 

The upper end of the pipe line is connected 
directly to the inlet valve; the first pipe length is 
embedded in concrete which completely closes the 
opening of the lake tunnel. The length of this 
tunnel, from the intake to the valve room, is about 
380 m. (1,247 ft.); it measures 1-6 m. by 2 m. 
(5 ft. 3 in. by 6 ft. 6 in.). As in all installations of 
this kind it was necessary to instal at the starting 
point of the pipe line an automatic valve for closing 
the conduit should this be broken. This automatic 
valve, together with an ordinary stop valve, are 
mounted at a spot easy of access at the outlet of 
the lake tunnel, at C, Fig. 5, page 635, ante. They 
are not, therefore, at the beginning of the pipe line, 
but about 380 m. (1,247 ft.) further down, and if an 
accident to the pipe occurred above them they would 
be of no service. In this event, however, the intake 
valve could always be depended upon ; moreover, 
the water that would run out from the time of the 
breakage to the closing of the valve would flow 
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to the smal] Sorniot Lake. A rupture, moreover, 
is hardly to be feared, since the pipe line is com- 
pletely embedded in the rock, where it is well pro- 
tected from shocks, frost or wilful damage. The 
valve room at the lake tunnel outlet is illustrated 
in Figs. 29 to 32. It contains the ordinary type 
of sluice valve K with by-pass, and the automatic 
valve L. The latter is shown in detail in Figs. 
33 and 34. As in the case of the intake valve, this 
has been designed on as simple and strong lines as 
possible. The valve proper C is of cast steel fitted 
to a rod D, the two ends of which slide in stuffing 
boxes, fitted?with brass bushes E. The sliding parts 
of the rod D are provided with brass sleeves to pre- 
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vent rusting, a very important point in‘the case of 
devices of this nature in contact with water, called 
upon to act automatically in cases of emergency 
only. The rod D is connected to a lever F which 
pivots on the point J and has at one of its ends 
the counterweight G, the position of which can be 
regulated by means of the screw K. The other end 
of the iever F is coupled to the rod of the dash- 
pot H for preventing the too rapid closing of the 
valve. The dash pot contains mineral oil, the 
viscosity of which is but little influenced by varia- 
tions in temperature, which is not the case with 
vegetable oil or with glycerine. A set-screw V 
allows the opening of the valve to be ‘adjusted as 
required, 

The automatic valve works as follows: In its 
flow through the available opening the water 
is throttled, and there results from this a loss of 
head, the extent of which varies with the outflow 
from the lake. This loss of head gives rise to a 
difference of pressure between the upper side and 
the lower side of the valve, which tends to force 











the valve down upon its seat. The counterweight 
is adjusted so that it balances the hydraulic thrust 
for a given outflow ; when this latter is exceeded, 
the hydraulic thrust increases and causes the valve 
to shut down, the closing action being slowed up 
by the dash pot. Tests have been carried out 
which have enabled the position of the valve and 
counterweights to be set for outflows varying from 
330 litres to 1,014 litres (73 gallons to 225 gallons) 
per second. These tests were greatly facilitated by 
the telephone line connecting the valve room to 
the power house. 

As in the case of the intake valve, the opening has 
an inside diameter of 400 mm., which corresponds, 














F 


| 
+ 


normal manner. All these valves and devices are 
periodically inspected and tested. 

The valve room is built in the mountain side. 
It is completely covered by a layer of earth, and the 
passage giving access to it is closed by two double 
doors, one of timber, the other of iron. These 
precautions have been taken so that the tempera- 
ture inside the room and passage should prevent all 
risk of freezing. In this connection, it should be 
remarked that the Fully power station is a reserve 
power station, which remains out of service for 
somewhat lengthy periods, and the consequences 
of a frost have to be guarded against. From the 
valve-room the pipe line is laid in a trench 
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for the maximum flow of 800 litres (178 gallons) per 
second, to a loss of head of 3 m. (9 ft. 10 in.), which 
can well be allowed considering the total head 
available; it means a loss of only 0-18 per cent. 
on the total head. When the automatic valve 
is closed, either accidentally or on purpose, and 
the pipe line is emptied, it is maintained closed 
by the water pressure above it, a safety measure 
analogous to that provided in the case of the intake 
valve. In connection with the automatic valve, 
a sluice valve of the gate type (marked K in 
Fig. 30), 500 mm. (19-6 in.) in diameter, has been 
provided. This sluice valve is fitted with a by- 
pass. When it is required to fill the pipe line, 
the automatic valve having been closed as described, 
the sluice valve K is closed, the by-pass remaining 
open. The by-pass is then closed.and the air valve 
at M (Fig. 33) is opened. The automatic valve, 
being no longer under pressure, can be opened and 
the pipe line fills slowly by means of the by-pass. 
When filling is completed, the sluice valve can be 
opened out full and supply can proceed in the 


throughout its l- gth and in its case the risk’ of 
freezing need not be feared. The water tempera- 
ture has been taken on the discharge from the 
turbines after running for several days, at a time 
when the atmospheric temperature at Fully’ lake 
was from 28 deg. to 30 deg. below zero centigrade. 
The temperatures recorded varied between 4 deg. 
and 4-5 deg., corresponding to the maximum density 
of water. When working with the Sorniot pump 
(referred to further on) which introduced surface 
water into the pipe line, the water temperature de- 
creased to about 1 deg., and rose to 4-5 deg. after the 
pump had been been stopped for some time. Fully 
lake generally commences to freeze over towards the 
end of November. In summer, the temperature of 
the water at the surface of the lake is generally 
above 10 deg. As soon as cold weather commences, 
the surface water cools down and sinks, vertical 
currents being continuous until the temperature of 
the surface water is a little below 4deg. From that 
time the freezing of the lake takes place rapidly. 

On following the longitudinal profile of the pipe 
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line as it issues from the valve room at the down 
end of the lake tunnel, there is at D (Fig. 5, 
page 635 ante), the Sorniot pumping station (Figs. 
35 to 37), built to deliver into the upper lake as 
much as possible of the water which collects into 
the neighbouring smaller lake. A crevice is the 
normal outlet for the Sorniot lake. Pumping takes 
place mainly in the spring, when the snow melts. 
The pump is of the centrifugal multi-stage type, 
with two symmetrical suction pipes. Its capa- 
city is 200 litres (44 gallons) per second; the 
suction height is from 3 m. to 4 m. (10 ft. to 
13 ft.); the manometric delivery height is 154 m. 
(505 ft.) The pump has a speed of 1,450 revs. ; 
it takes 570 h.p., which corresponds to a 74 per cent. 
efficiency. It is direct coupled to a three-phase 
600 h.p., 750-volt, 50-period motor. The water 
from the Sorniot Lake reaches the suction chamber 
underneath the pump by a pipe 600 mm. (23-6 in.) 
in diameter. The two vertical suction pipes are 
360 mm. (14-1 in.) in diameter, each fitted with a 
strainer and a non-return valve. Delivery takes 





place directly in the pressure pipe. Between the 
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lake, serves to deliver 6 litres to the upper 
lake. The following calculations give the efficiency 
of a quantity of water pumped at Sorniot at the 
average level of 1,990 m. (6,530 ft.), and delivered 
at Fully Lake at a level which may be as high as the 
maximum level of the latter, or 2,145 m. (7,035 ft.) 
and then supplied to the turbines the centre lines 
of which are at 501-1 m. (1,644 ft.); in the figures, 
the loss of head in the pipe line are omitted—in a 
pipe line 500 mm. and 600 mm. in diameter, with 
the maximum pump delivery of 200 litres (44 gallons) 
per second, these losses of head are very low. 

If the 200 litres per second could be utilised at the 
power station directly, by means of a special pipe 
line, the available head would be: average level at 
Sorniot Lake 1,990 m., less level at centre of turbines 
501-1 = 1,488-9 m. By taking a turbine efficiency 
of 80 per cent., the power available would be 


1,488°9 x 200 x 0°8 
75 


If the 200 litres are delivered into the upper lake 
and are utilised under the total head (2,145 m. less 


Fig. 39. 


SECTION A.B. 





= 3,180 H.P. 














latter and the pump are a non-return valve and a 
sluice valve 350 mm. (13-7 in.) inside diameter. 
If the pump is worked at a time when the power 
station is at a standstill—current in this case 
being supplied by the Martigny station located on 
a running river—the 200 litres per second are 
delivered into the upper Fully Lake. When the 
power station is in operation and takes over 200 
litres per second, the whole of the pump output is 
sent down the pipe line, the upper Fully Lake 
supplying the required complement of water. 
When the power station takes a quantity of water 
below 200 litres per second, a part of the pump 
delivery goes down the pipe line, the remainder going 
to Fully Lake. It will be seen therefore that in the 
portion of the pipe line situated between the intake 
and the pumping station, both the power station 
and the pumping station being in operation, it may 
occur that the water column ascends or descends, or 
is even stationary, without affecting in any abnormal 
way the working of the turbines. The mean difference 
in level between the surface of Fully Lake and that 
of Sorniot Lake is 140 m. (460 ft.) ; or about ,), the 
total head. If the turbines, electrical machinery and 
pumps had a 100 per cent. efficiency, one litre of 
water from the upper lake would suffice to pump up 
12 litres to that lake from the lower one. But owing 
to loss in energy in each of the three classes of 
machinery the efficiency is in the neighbourhood of 
50 per cent. only. Consequently one litre of water 
from the upper lake, producing current at the 
power station for driving the pump at the lower 


























501-1 = 1,643-9 m.), the power available on the 
turbine shaft becomes 
1,643 -9 — x 0-8 _ 3,510 H.P. 

But the pump at Sorniot Lake takes a certain 
amount of power. The difference of level at the 
two lakes is 2,145 m. less 1,990 m. = 155m. The 
pump efficiency being 74 per cent., the power 
taken is 





200 x 155 

75 x 0°74 
The effective power available at the power station 
is therefore 3,510 — 560 h.p., or 2,950 h.p., instead 
of the 3,180 h.p. which would be available by direct 
utilisation. The final hydraulic efficiency is there- 
fore 


= 560 H.P. 


75 x 2,950 
200 x 1,489 


instead of the 80 per cent. referred to for the turbine 
efficiency by direct utilisation. In reality, the 
final efficiency is somewhat below 74 per cent., when 
taking into account loss of head and the loss in 
the transmission line to the motor driving the 
pump; it is, however, certainly above 70 per cent. 

This shows that the pumping station at Sorniot, 
the first cost of which was comparatively low, is 
entirely justified, since it allows the storage of a 
large body of water, and utilising this with an 
efficiency that compares with the maximum 
efficiency obtainable in a hydro-electric plant. The 
only possible solution if it had been desired to 


= 74 per cent, 


utilise the Sorniot Lake water with a maximum 
efficiency would have involved the laying down of 
a special pipe line, and a separate electric set at the 
power station, a solution which would have been 
probably ten times more costly than the pumping 
station, and would not have paid. 

For starting the pump, the stop-valve L (Fig. 35), 
is first opened, and the pump and suction pipes are 
filled by a small pipe branched from the main one. 
The plant can then be set running, the non-return 
valve K opening automatically as soon as the pump 
commences to deliver. When the pump stops 
running, the latter valve closes and remains shut 
of itself by reason of the water pressure in the 
main pipe. In the spring, when the snow melts, a 
man is sent up to the pumping station, and the 
pump is worked until the water level in Sorniot 
Lake reaches 1,989 m., and until the Fully Lake 
is filled up. 

The maximum water level at Lake Fully is 
2,145 m.; the centre line of the distributing main 
for the turbines is at a level of 494-3 m., the static 
pressure being therefore that given by a head of 
1,650-7 m. This is the highest head so far in 
operation, and the laying of the pipe line had to be 
carried out with the utmost care. Two methods 
were available, either laying the pipe line under- 
ground without anchoring masonry walls and 
without expansion joints; or laying it in the open, 
with anchoring masonry walls, and expansion 
joints at all bends. The former method was un- 
hesitatingly adopted, but with anchoring masonry 
at point B (Fig. 5) and at the lowest point where the 
pipe line enters the power station. Expansion 
effects are practically negligible; the pipe lime 
being underground for its entire length, differences 
in temperature are so to speak non-existent, and 
the pipe line is protected from frost, the fall of 
stones, avalanches and wilful damage. 

All the pipe lengths were tested at the works at a 
pressure 50 per cent. above the static pressure they 
were required to withstand in service. They were also 
tarred hot at the works. The laying of the pipe line 
commenced from the point B (Fig. 5) upwards ; them 
the lower section was laid from the power station to 
point B. The first length laid at point B was held 
in place by a strong anchoring masonry wall and 
its lower end closed by a plate. The junctiom 
of the two sections was effected by means of a special 
device described further on. When a length of 
about 200 m. (660 ft.) had been laid, it was filled with 
water, the upper end was closed by a plate and the 
length was tested at a pressure 25 per cent. above 
the static pressure. All joints were carefully in- 
spected and the trench filled in. Heavy sand and 
gravel were first rammed underneath the pipe so as 
to ensure a good bed, the filling-in being made with 
earth. The minimum thickness of earth above the 
pipe is 0-5 m. (20 in.). A first length being thus 
completed, the upper closing plate was removed,. 
the water left in, and other lengths of about 
200 m. were laid in the same way until the pipe 
line was completed. It was anticipated that when 
completing the lower section from the power station 
to point B the last pipe length might not exactly 
correspond with the space available for it, owing 
to small errors inevitable in the survey of the profile, 
and in the pipe lengths. A telescopic length, 
illustrated in Figs. 38 and 39, was therefore pre- 
pared to meet the case. Its length can be made to 
vary between the extreme limits of 1-85 m. and 
2-35 m. (6 ft. 1 in. and 7 ft. 9 in.) Had it been 
necessary, the inner pipe T could have been cut at 
the last moment, and the total length might have 
been reduced to 1-30 m. (4 ft. 3 in.), This tele- 
scopic pipe, therefore, is not an “ expansion joint” 
in the usual sense of the term, since when in place in 
the pipe line, its length is fixed. Sections of the pipe 
line in tunnels and in trenches are shown in Figs. 
40 and 41. The track of the rope railway follows 
the alignment of the pipe. No riveted pipes have 
been used, but welded pipes from point B upwards 
(Fig. 5), and pipes without longitudinal welds from 
the power station up to point B. These latter 
weldless pipes, 500 mm. (19-6 in.) inside diameter, 
were manufactured on the Ehrhardt process, starting 
from square billets, the first time that this process 
has been resorted to for pressure piping of such a 
diameter. The diagrams Figs. 42 to 46 illustrate 





the method of manufacture. Starting with the 
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square billet the first process is one of piercing. 
In the next the pierced billet is drawn through 
a die. The drawn billet then has the blind end 
sawn off and is rolled, the thickness being thus de- 
creased and the diameter increased. The sections 
thus made had a maximum length of 3 m. (9 ft. 
10 in.) ; several lengths were then welded together 
end to end to form the pipe lengths, and the pipe 
heads or flanges were then welded on also. The 
maximum pipe thickness, at the lower end of the 
pipe line is 41 mm. (1-6 in.), corresponding to a 
transverse resistance of the metal of 1,000 kg. per 
square centimetre (14,223 lb. per sq. in.). The 
welded pipes have been calculated for a tensile 
stress of 900 kg. per square centimetre (12,800 Ib. 
per sq. in). 

The question of flanges and bolts was gone into 
very thoroughly. Figs. 47 to 49 show the joints 
for three different pipe diameters. In the lower 
part of the pipe line, the bolts are of nickel steel, 
the characteristic features of which are elastic limit 
3,600 kg. to 4,200 kg. per square centimetre (up to 
59,737 lb. per sq. in.), breaking stress 5,600 kg. to 
6,200 kg. per square centimetre (up to 88,183 Ib. 
per sq. in.), elongation on 100 mm., 28 per cent. 
to 34 per cent., reduction of area 48 per cent. to 
52 per cent. The gas pipe type of thread has been 
used owing to the greater number of threads in 
a given length than in the Whitworth system, 
and specially with a view to maintain the bolts 
at the threads as large in diameter as possible. 
The nuts are longer and less in diameter than those 
of normal type. Both the bolt-heads and nuts are 
machined. Figs. 47 to 49 illustrate the joints of 
the pipe lengths, one end of each pipe having a 
groove into which is pressed an indiarubber ring 
10 mm. (0-393 in.) in diameter. The joints are 
the same for the whole pipe line, which has allowed 
of using two types only of adjustable angle rings 
for the bends, one for the 500 mm. (19-6 in.) 
internal diameter, and one for that of 600 mm. 
(23-6 in.). On erecting the pipe line, the spigot 
end of each length was turned towards Fully Lake, 
which facilitated the fitting of the indiarubber 
rings. The angle rings are shown in Figs. 50 
and 51; these have been fitted in the pipe line at 
all the bends. The pipe lengths themselves are all 
straight. By means of a pair of such vings it is 
possible to give the pipe line a deviation adjustable 
at will up to 10 deg. in any direction. This, using 
pipe lengths of 12 m. (39 ft. 4 in.), allows of a bend 
horizontally or vertically of 120 m. (393 ft.) minimum 
radius, The angle rings greatly facilitated the 
laying of the pipe line and shortened the time 
necessary considerably. On an average there are 
32 pairs of these rings per km. (51 per mile). At the 
joints where such rings are inserted, bolts screwed 
at both ends (see Fig. 50) are used, and two washers 
are placed under each nut, the washers having 
spherical bearing surfaces to follow the bend. 

The total length of the pipe line under pressure 
is 4,625-5 m (15,175 ft.). It consists of an upper 
section 600 mm, (23-6 in.) in diameter and 2,278 m. 
(7,474 ft.) in length, and a lower section 500 mm. 
(19-6 in.) in diameter and 2,347-5 m. (7,701 ft.) in 
length. The 600 mm. welded pipes vary in thickness 
between 6 mm, and 20 mm. (0-236 in. and 0-787 in.) 
and are utilised for a working pressure up to 60 atmo- 
sphere (880 Ib. per square inch). They are in 12 m. 
(39 ft. 4 in.) lengths. The lightest pipe weighs 
1,300. kg. (2,860 Ib.), and the heaviest 4,075 k-.. 
(8,965 lb.) The 500 mm. welded pipes vary in thick- 
ness from 17 mm. to 34 mm. (0-669 in. to 1-338 in.), 
for working pressures from 60 atmospheres to 122 
atmospheres (880 Ib. to 1,790 Ib. per square inch). 
They are 12 m. long at the upper part of the pipe 
line section and 8 m. (26 ft. 3 in.) long at the lower 
part. The weight of a 17 mm. 12 m. pipe is 2,940 
kg. (6,470 Ib.), and that of a 34 mm., 8 m. 4,055 kg. 
(8,920 Ib.). The thickness of the weldless pipes 
varies between 31 mm. and 41 mm. (1-220 in. and 
1-614 in.) for working pressures between 122 atmos- 
pheres and 165 atmospheres (up to 2,425 lb. per 
square inch). Their varies between 7-5 m. 
and 6 m. (24 ft. 7 in. and 19 ft. 8in.). The weight of 
a 31 mm. 7-5 m. pipe is 3,510 kg. (7,730 Ib.), and 
that of a pipe of 41 mm. thick and 6 m. long at the 
lower end of the pipe line is 3,820 kg. (8,410 Ib.). 
‘The total weight of the pipe lengths is 1,480 tons. 


The bolts weigh 60 tons, the angle rings 9-5 tons and 
the spherical washers 5 tons. The weight of the 
bolts, taper rings and spherical washers is about 
5 per cent. that of the pipes. 

The laying of the pipe line was carried out by 
separate gangs. One gang prepared the tfench, 
working ahead of a gang of pipe men, specialists 
in this class of work, who laid from 2 to 3 pipe lengths 
per day on the lower section from 4 to 5 pipe lengths 
in the upper region, for which the pipes were lighter 
in weight. When the pipe line was laid up to the 
lake, the valve at the power station was opened and 
the pipe line was cleaned out by allowing water to 
flow down it at the rate of 400 litres (88 gallons) 
per second. The 4-5 km. (2-8 miles) which separate 
the intake from the power station were traversed 
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by the water in seven and a-half minutes. This 
delivery and speed effectually cleaned the pipe 
line. 

The two lower sections of the rope railway used 
for carrying up the pipe lengths have been retained 
and kept in good repair. The upper section which 
ran through the Sorniot tunnel has been done away 
with, since it was hardly possible to utilise it owing 
to snow and avalanches. It has been replaced by 
a telpher railway, the lower station of which is 
at the Garettes (Fig. 1, page 635, ante), and the 
upper at the Sorniot pass. The journey by these 
means from the power station to Sorniot Pass takes 
about one hour. From the latter point, Fully Lake 
is easily reached on foot, using skis or snow 
shoes. 

It may here be remarked that besides supplying 
the power station, the pipe line supplied power in 
1916 to 1919 to a plant comprising 12 large 
hydraulic flanging presses, directly connected to it. 
The operation of the presses, although quite 





different from the regular running of the turbines, 








never led to any interruption in the service, and the 
pipe line has never been emptied. No leakage has 
ever been noticed at any joint. 

The pipe line enters the power station at its 
northern end (see Figs. 52 to 55, Plate XLII). The 
station end of the pipe line is also illustrated in 
Figs. 56 and 57, Plate XLII, which show the 
manner in which it is supported against a masonry 
wall at the 90 deg. bend F, and the bearing 
plate G. Between the pipe and the bearing plate 
is inserted the regulating wedge H similar to that 
of the distributing main referred to further on. 
Beyond the bend F is the sluice stop valve J of the 
usual type, operated by hand and provided with a 
by-pass ; then the hydraulically operated valve K, 
the 90 deg. bend L and the horizontal distributing 
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main. The details of the latter are given in Figs. 58 
to 60. Its total length between the end flanges is 
36 m. (120 ft. 1 in.) and its internal diameter over the 
whole length 500 mm. (19-685 in.). It is built up of 
four weldless steel-sections, 6 m. (19 ft. 8 in.) long 
each, with five cast steel pipes each 2-1 m. (6 ft. 10in.) 
in length, 50 mm. (1-97 in.) thick, each having a 
vertical branch pipe 250 mm. (9-842 in.) inside 
diameter for delivery to the turbines, and with a 
straight piece of pipe, also 2-1 m. (6 ft. 10 in.) in 
length and having a branch 80 mm. (3-15 in.) 
in diameter for the drain valve. The first vertical 
branch of the five cast-steel pipes is for the time 
being closed by a blank flange. The four others 
supply the four 3,000 h.p. turbines at the power 
station. In order to prevent any displacement 
of the distributing main whilst in service or when 
the power station is laid idle, it is held in place at 
both ends by the bearing plates M and N (Figs. 58 
to 60) which bear against concrete masonry. 
Between the plates and the main are adjustable 
wedges P which can be tightened at will by the 
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screws V. The drain valve 80 mm. inside diameter 
is at N, Fig. 56. 

There are many ways of designing the shut-off 
valves fitted at the entrance to a distributing 
pipe, and in some instances, even,‘no such valves 
are provided at all. In an installation where the 
pipe line is comparatively short and the head a low 
one, this latter is permissible, especially if low 





sure on the two sides, closing must be possible; 
(3) It should not be able to open until the distributor 
is full; (4) It should be automatic in that as soon 
as the flow exceeds a given limit it should close 
automatically ; (5) It should also be possible to 
close it by order, and this should be easy and 
rapid, also remote control should be possible; (6) 
The closing action should not give rise to water- 
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expenditure is aimed at; in such a case, the shut-off 
devices at the intake are made to suffice, but they 
have to be made fully adequate. In the case, how- 
ever, of a long pipe line combined with a high 
head, the provision of at least one good shut-off 
valve at the entrance to the distributor is essential. 
The principal conditions which such a valve has to 
fulfil may be enumerated as follows: (1) The valve 
must be perfectly tight and self-closing; (2) It 
must be able to close when the power station is 
running, 1.¢., whatever be the differences in pres- 
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hammer in the pipe line; (7) During opening and 
closing the acceleration and slowing down of the 
water must take place according.to pre-determined 
conditions ; (8) If the valve-operating mechanism 
is hydraulic, the water for this should be filtered ; 
(9) Even when there is a total absence of pressure, 
the valye must be able to close and to remain 
closed ; (10) All parts must be easy of inspection 
and maintenance ; (11) The valve must be both 
simple in design and strong, and the internal 





details protected against risks of accident ; the parts 





subject to wear must be easy to replace; (12) In 
case of leakage at the leather packing or at a 
stuffing-box, the valve should close automatically, 
or, at least, be easy to close; (13) It should be 
fitted with a gauge showing its exact position ; 
(14) The water flow should be suitably guided so 
as to lead to a minimum loss of head, and when the 
velocity of flow increases the resistance to the 
working of the valve should not be increased to any 
great extent. 

The hydraulically operated valve of Fully power 
station is shown in Figs 61 and 62 and its operating 
gear in Figs. 63 and 64, and both have been 
designed to meet the conditions enumerated above. 
A sluice stop-valve J (Figs. 56 and 57) of the 
usual type, is directly in front of this valve, and 
enables the inspection and repairs of the automatic 
valve to be carried out without emptying the pipe 
line. The piston F is a cylindrical steel casting fitted 
with a brass casing and connected to a hollow rod H. 
The piston travels in a cylinder G having specially 
shaped openings. With reference to these latter, 
consider the case when the valve would have to 
be closed, the pipe line supplying the full outflow— 
a case which might occur should a turbine governor 
fail to act and the turbine run away—in such an 
occurrence, in order to save time, the closing device 
of the hydraulic valve would be released as the 
quickest means of acting upon the turbine. When 
a valve of the customary type is provided, it is 
possible, as is well known, to close it by four-fifths 
of its movement without causing the flow to decrease 
to an appreciable degree. Effective reduction of 
flow only takes place in quite the later part of 
the travel. If, therefore, 30 seconds be the time 
required for the total travel, effective reduction 
taking place over the last fifth only, it follows that 
the time of useful movement is only about 6 seconds, 
i.¢., five times less than had been reckoned upon. 
This has led to many fractures in pipe lines, and 
it is with a view to obtaining a really progressive 
closing that the openings have been given the 
special shape shown by the small detail marked 
on “section C D.” The total travel of the piston 
takes 60 seconds, and the decrease in flow when 
closing is progressive over the whole travel. The 
hollow rod H is connected to a cylinder J which 
slides on a piston K fitted to the central hollow 
rod L. The piston K is therefore fixed. Water 
under pressure passes up the rod L from below the 
valve and arrives under the piston K through a 
port at M. This results in the opening of the valve 
by means of a downward movement of the cylinder 
and the compression of the springs N, and N, 
contained in the cylinder J, the springs being 
originally adjusted by means of the screwed 
cap O. These springs alone produce the closing of 
the valve as soon as the water under the piston K 
is allowed to escape. The hollow rod L, the water 
under pressure in which operates the valve, is 
provided at its lower part with a series of 40 small 
brass diaphragms, having each a throttling hole of 
2-5 mm. (0-097 in.) These produce a gradual 
throttling effect and act to retard the closing action 
of the valve. The same result could have been 
obtained with one diaphragm only, but in this case 
the throttling port would have been very minute 
and likely to be frequently obstructed. In such a 
series of diaphragms the ports are larger, and since 
there is a bronze strainer Q, having 2 mm. (0-079 in.) 
holes at the end of L, there is no risk of obstruction 
occurring. The Fully Lake water is always very 
clean and this risk is hardly to be feared. 

The upper part of the hollow rod L is connected 
by a pipe to the branch D of the operating apparatus, 
illustrated in Figs. 63 and 64. From this the water 
escapes through a port under the control of the 
regulating needle valve E, the water finally issuing 
through the pipe F. The needle valve E can be 
operated by hand or automatically. If it closes the 
port, pressure acts under the piston K, Fig. 61, 
and the valve opens; if it is lifted from its seat, 
the pressure under piston K falls and the valve 
closes, in both cases the speed of the movement 
being governed by the ports in the diaphragms. 
The lower end of the hollow rod L, Fig. 61, 
through which water under pressure enters is in 
communication with the lower side of the valve, so 
that in order to effect the opening of the valve 








there must be water under pressure below the 
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valve. In other words, if the distributing main 
is not full, the valve cannot open. The filling of 
this main is effected by means of the small by- 
pass valve R, Fig. 61, which establishes communi- 
cation between the two sides of the main valve. 
This obviates all water-hammer risks, and such 
risks are real risks and have to be carefully 
guarded against. Reverting to Fig. 63, it will be 
seen that besides the parts already referred to, the 
apparatus has a piston H balanced by a spring J. 
The space underneath the piston communicates with 
the branch S of the hydraulic valve (Fig. 61), so 
that there is always in this space an equal pressure 
to that at the entrance to the distributor. The 
spring is so regulated that so long as the pressure 
under the piston H does not fall below the value 
corresponding to full load at the power station 
(or even somewhat less), the piston is kept raised 
by the water pressure. On the other hand, when 
the water pressure falls below that amount, the 
spring acts and causes the piston to descend. 

The working of the hydraulic valve is controlled 
by hand by the lever systems shown in Fig. 63. 
The valve is closed by hand by disengaging the 
catch M and allowing the lever K to fall, thus 
lifting the needle valve off its seat. The automatic 
action is as follows:—Should a part of the ma- 
chinery fail, leading to an abnormal flow and hence 
to a decreased pressure in the distributor, this 
would result in the downward travel of the piston 
valve H, disengaging the catch M, and automatically 
closing of the hydraulic valve by the fall of the 
counterweight L and the raising of the needle valve. 
The location of the needle control valve is shown in 
Figs. 56 and 57, from which it will be seen that the 
lever M can be operated at a distance by means of 
a small cable carried on pulleys. Several handles 
are provided along this cable and in case of an 
accident, such as the running away of a turbine, 
any attendant by simply pulling upon the cable can 
close the valve by pulling the handle nearest to 
him. The pipe line when giving the total flow can 
be shut off in one minute without any risk, 

As above stated, four vertical branches 250 mm. 
inside diameter on the distributor communicate each 
with a turbine ; a fifth, now closed by a plate, is to 
correspond later with a fifth turbine. Each branch 
has a valve, the details of which are illustrated in 
Figs. 65 to 73. These valves are, generally, very 
similar to the hydraulic valve fitted at the entrance 
to the distributor, but are operated by hand only. 
The piston E is of brass ; it travels in the cylinder F, 
and when at its highest position it bears against 
the brass seat G. The cylinder F has openings 
similar to those in the cylinder of the main hydraulic 
valve, the object of which is to ensure a progressive 
closing down and hence a re decrease in 
flow, a condition which is not met with in the 
ordinary type of valves. The piston E is fitted to 
the rod H by the connecting piece J and the 
cover plate K. The rod H is prolonged upwards 
by a second rod L, the top portion of which 
is screwed, the connection between the two being 
by means of the sleeve M. ‘The valve is operated by 
the handwheel Fig. 65, which acts by bevel gearing 
upon the nut P. This valve has no by-pass, this 
being unnecessary, The valve is perfectly tight. 
Figs. 72 and 73 are the inside and outside develop- 
ment respectively of the openings in the cylinder F. 

The general arrangement of the power station is 
shown in Figs. 52 to 55, as already noted. A view 
of the outside of the building is given in Fig. 74, on 
page 669, while one of the interior is shown in Fig. 75. 
The four turbines are placed side by side on the 
main floor, and water is led from the main dis- 
tributor up the branch pipes to the jets placed 
under the Pelton wheels. Fursher details of these 
units will be given in our next article. 


(To be continued.) 





CARDBOARD BOX-MAKING 
MACHINERY. 
(Continued from page 641.) 

Fixved-Feed Corner Stitching Machines.—The 
stitching machines we have so far dealt with have 
been of the type intended for boxes made with 
flaps which lie inside when the box is made up. 
The stitches are then put through the sides, or ends, 





of the box and through the flaps at the same time. 
Boxes are, however, constructed, and were illus- 
trated in our earlier figures, in which no flap is 
provided and in which the corners are butted. 
For stitching boxes of this class a corner stitcher is 
used. The work required from such a machine 
is illustrated in Fig. 83, which shows a completed 
stitch of a corner-stitched box. It will be realised 
that the straight and cross-stitching machines 
which we have so far described will not be in any 
way suitable for carrying out work of this kind, 
and that a different machine will have to be 
employed. 

A corner-stitching machine for carrying out the 
type of stitching shown in Fig. 83 is illustrated in 
Fig. 84, subjoined. The machine is of the power- 
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driven type and as will be seen in its general arrange- 
ment of parts it resembles the straight and cross- 
stitching machines previously described. Carried 
on the back of the machine pedestal there is a 
driving shaft and pulley, and incorporated with 
these is a clutch controlled by a foot pedal so that 
the machine may be started and stopped at will, 
as in the case of other machines previously described. 
Above the driving shaft there is a cam plate with 
three cam slots. This cam plate is pivoted on the 
main frame, and is rocked by a connecting rod which 
attaches its outer lower corner to a crank fixed 
to the end of the driving shaft. One of the cam slots 
operates the former, another the driver and the 
third the stitching head. The wire, as in the 
stitching machines dealt with earlier, is carried on a 
reel above the stitching mechanism, and is carried 
to the feed gear on a spring guide which keeps it 
in place and maintains a suitable tension. An anvil 
is provided as in other stitching machines on which 
the operator holds the box being stitched. 


The feed gear of the machine, which differs con- 
siderably from that of the straight stitcher, is 
illustrated in Fig. 85, annexed. The path of the 
wire through the feed gear is clearly shown in 
this diagram, and as will be seen it passes between 
a large feed wheel a and a small feed wheel bd. 
The rims of these wheels are formed with teeth 
for part of their width and the remaining parts of 
the rims act as the friction grip for the wire. 
These rims have a plain flat surface. The pur- 
pose of the teeth is to cause the larger wheel a, 
when it is rotated, to drive the smaller wheel 3, 
so that the wire is fed forward through the 
cutting-off tube c. As will be seen, the wheel b 
is carried on the short arm of a bell-crank 





lever d, the upper end of which is clamped 











in a slot in a swinging link carried by the link e. 
Both the lever d and the link e are pivoted at fixed 
points on the stitching head. As will be clear the 
helical spring attached to the top of the lever e 
tends to maintain a pressure between ti» wheels 
a and 6. This pressure, which serves to feed 
the wire forward when the wheels are rotated, may 
be varied either by clamping the top end of the bell 
crank lever d in a different position on the slotted 
link, or by adjusting the outer end of the helical 
spring along its supporting rod and so varying its 
tension. The various parts illustrated in Fig. 85 
may be seen in position on the machine in Fig. 84. 

The whole of the mechanism illustrated in Fig. 85 
with the exception of the pawl f, is attached to the 
stitching head and moves up and down with it. 
The pawl f acts in conjunction with a ratchet which 
is attached to and carried on the face of the feed 
wheel a, and which is shown in Figs. 84 and 85. 
The stitching head is reciprocated by a rocking 
lever at the right-hand side of the machine. This 
lever cannot be seen in Fig. 84, but the lower cam 
slot in the cam plate by which it is operated can 
clearly be seen in the figure. This slot is cut right 
through the plate, but the two upper slots which 
operate the two levers at the top of the machine 
are formed only in the two faces of the cam. The 
pawl f is pivoted to a fixed point on the frame of the 
machine and, as will be clear from Fig. 85, when the 
stitching head is moved downwards by the rocking 
lever at the commencement of a new stitch the 
pawl f drives the wheel a around for part of a 
revolution and feeds the wire forward an appro- 
priate amount for the new stitch. The machine 
is of the fixed-feed type, and as will be clear the 
amount of feed depends on the movement of the 
stitching head and the diameter of the wheel a. 
The fixing of these factors is part of the initial 
design of the machine. An adjusting arrangement 
is fitted in connection with the cam roller of the 
rocking lever so that the position of the stroke 
of the stitching head may be set. 

The arrangement of the parts of the machine 
which perform the actual stitching is shown in 
Fig. 86, on page 671. In this figure c is the cutting- 
off tube, which is also indicated in Fig. 85, and g is 
the former with the cutting-off knife on its left-hand 
side. The descent of this knife cuts off the wire at 
the front end of the tube. The tube may be adjusted 
in and out by a milled nut, which can be seen in 
Fig. 84, and a lock-nut is provided to secure the 
tube when it has been correctly adjusted. This 
adjusting arrangement allows of the front end of 
the tube being ground when necessary and the 
correct position still being maintained. The tube 
is ground so that the wire emerges at the most 





advanced point of the face. This is very necessary 
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to ensure a clean cut which gives good penetrating 
power of the wire through the board being stitched. 
Of the other parts shown in Fig. 86, h is the loop 
bar which supports the small piece of wire which is 
being formed into a staple, while 4 is the buttress 
block which turns the legs of the staple inward, 
and J is the anvil. The functions of these various 
parts will, however, better be understood by 
following through the cycle of operations which 
make up the forming, driving and clinching of the 
staple, and which is illustrated in Figs. 87 to 94. 
The position of affairs at the beginning of a new 
stroke of the machine is shown in Fig. 86, the wire 
being in the position at which it was cut off during 
the previous stroke.. The first operation is the 
feeding of the wire which takes place as earlier 
described, the wire passing through the slot in the 
loop bar until it reaches the position shown in 
Fig. 87. It will be remembered from our descrip- 
tion of previous stitching machines that the loop 
bar is formed with a slot in its front end into which 
the wire slides as shown in Fig. 87, and in which it 
is supported during the forming of the legs. The 
loop bar is then withdrawn sideways so that the 
staple may be driven forward into the material. 
While the wire is being fed into the position shown 
in Fig. 87 the whole mechanism moves downward, 
as explained in connection with the operation of 
the feed gear. This is illustrated in Figs. 86 and 87, 




















from which it will be seen that the mechanism 
moves down until the buttress block is resting on 
the box m which is to be stitched and which is being 
held in position over the anvil by the operator. 

When the state of affairs illustrated in Fig. 87 
has been reached the stitching head comes to rest, 
but the former g with its cutting-off knife continues 
to descend. and cuts off the wire as shown in Fig. 88. 
The former is driven by the rocking lever at the top 
-of the machine, which can be seen in Fig. 84 and 
which is operated by the left-hand upper cam slot 
in the cam plate. When the wire has been cut off, 
the former g continues to descend and forms the 
staple on the loop bar hf, as shown in Fig. 89. 
Immediately after this stage the loop bar is with- 
drawn sideways, being pushed out of the way by 
the descending driver nn. The formed staple is 
then supported for a moment by the internal slots 
‘in the former, but as the former continues to move 
downward the staple slips over the buttress block k 
and is held by it and the former slots as shown in 
Fig. 90. At this stage the former comes to rest, 
and the work is carried on by the driver n n, which 
continues to move downward under the action of 
the right-hand rocking lever and cam slot at the top 
of the machine by which it is driven. 

The driver 7 n, as will be seen from Figs. 89 to 94, 
consists of a pair of independent arms which, during 
the early part of the stroke are maintained in their 
open position, as shown in Figs. 89 to 91. On their 
‘downward travel these arms meet the corners of the 
staple and bend them downwards, so that the legs 
of the staple naturally follow the slope of the buttress 
block &, as illustrated in Fig. 91. The legs then lie 











normal to the board, and as the driver descends 
they penetrate it. During this part of the motion 
the arms of the driver are brought together owing 
to coming into contact with fixed inclined surfaces 
on the front plate. As a result, when penetration 
is complete the arms have moved inward to the 
position shown in Fig. 92. As will be seen, the 
ends of the driver arms are furnished with teeth 
which grip the wire and force it in the direction 
of the legs, so that when the stitch is completed it 
lies tightly and neatly over the box corner. When 
the state illustrated in Fig. 92 is reached the clinching 
mechanism comes into play. This is illustrated 
in its position of rest in Fig. 93, while it is shown 
in its upper position with the stitch clinched in 
Fig. 94. The operation of this clinching mechanism 
will be understood from these two latter figures. 
The pair of clinchers are pivoted on a bar which 
rises during clinching, so that the clinchers roll 
over on to the free ends of the staple and fold them 
down into the position shown in Fig. 94. The 
clinch bar is operated by a stop on the main rocking 
cam. The bar is carried through the anvil and 
projects at its inner end, so that the swinging of 
the cam brings the stop into contact with the end of 
the bar and pushing it forward raises the clinchers 
by a wedge action. The clinch bar is returned to its 
normal position after operation by a helical spring, 
which can be seen below the anvil in Fig. 84. 























The anvil is mounted on a swivel pin so that a 
thick board may be neatly stitched to a thin one. 
The machine may also be adjusted as a whole for 
thickness of material being dealt with. This is 
arranged for by a sector to which the cam plate 
is attached. The sector, which is pivoted to the 
main frame, is formed with a radial slot, and by 
setting the cam plate round on the sector the whole 
of the working parts may be adjusted nearer to, or 
further away from, the anvil to suit the board being 
stitched. These corner-stitching machines are 
built either for power or treadle drive, with lengths 
of anvil to suit boxes of a maximum depth of 
9 in., 12 in. and 15 in. The 9-in. power-driven 
machine has a 9-in. pulley and makes 180 stitches 
a minute. It requires about } h.p. 


(To be continued.) 





NOTES ON NEW BOOKS. 

We think that “‘ Cost Accounts for the Metal Industry,” 
from the pen of Mr. H. E. Parkes, is likely to have a 
somewhat mingled reception. The treatment of the 
subject is fairly comprehensive, but is descriptive rather 
than instructive, although the need for accurate costs, 
both for commercial and administrative purposes is 
made clear. What appears to us, however, to be of 
greater importance than the author’s treatment of his 
subject are his remarks regarding the administration of 
the industry itself. We are told the industry has not 
been a wealthy one, and its primary purpose is to pro- 
duce goods, not to investigate costs. This, of course, is 
not untrue, but if “‘ the mills have grown piecemeal by 
innumerable small additions, and have not been 
scientifically laid out, as is the casein America,” . ... 
if “‘ many of the mills have been botched up and added 





to, with the consequent odd mingling of the old with 
the new’; if some of the methods in use are grossly in- 
adequate and antiquated and because the men, having 
grown up with the works, “ do not tend to move about 
as does the enlightened artisan,’’ of other trades, it 
would appear to us an investigation of costs is a much- 
needed requirement of the metal industry with the 
underlying object of placing the administration and 
methods on such a basis, that efficient production will 
become possible. After this the industry may cease to 
be “not a wealthy one.”” We are unable to say to 
what extent Mr. Parkes’ remarks apply generally, 
but as a member of costing committees appointed by 
the trade associations, he must be writing with inside 
knowledge and, if the position has not been over- 
stated, it would seem to call for such attention from 
the association and its members that the reproach 
would be speedily removed. The book is published by 
Sir Isaac Pitman and Sons, Limited, London, at 
10s. 6d, net. 





The niceties of mathematical discussion applied to 
the results of accurate observations have originated 
a revolution in our mode of conceiving of the physical 
universe and have compelled a reconsideration of what 
is actually observed and what is implied in the experi- 
mental method. We are confronted with a sudden 
interruption in the smooth running scientific current, 
and new concepts of the nature of physical reality 
challenge our attention. The Einstein developments 
form only one phase of these new and far-reaching 
enquiries, whose extension, the legitimate outcome 
of the steady historical progress of pure science, is so 
wide, that they lead directly to a new philosophy of 
science, that remodels original ideas and exposes many 
long-cherished fallacies. The latest instructor in this new 
philosophy is Professor Whitehead, who will enlighten 
some but will perplex more, by his discussion of the 
‘* Principles of Relativity with Applications to Physical 
Science’’ (Cambridge University Press, Price 10s. 6d. 
net). The subject bristles with difficulties, both inherent 
and acquired, and adequate preparation and close atten- 
tion are both necessary to grapple with the arguments 
and subtleties that the author so evidently enjoys. Ina 
prefatory note, Professor Whitehead tells us that his 
mathematical friends to whom he indicated the purpose 
and scheme of his work recommended him to omit the 
philosophical explanation, while the philosophers urged 
that the mathematical portions should be curtailed. 
If the advice tendered by both parties had been 
accepted it is difficult to see how the book could have 
existed and, in any case, the counsel indicates how 
few there are who are qualified to appreciate an argu- 
ment couched in the language of philosophy when sup- 
ported by the symbols of mathematics. Fortunately, 
the author is a strong man, capable of taking his own 
way, and though he foresaw that he could not satisfy 
both parties, he determined that the difficult problem 
which he had to present should have all the assistance 
that mathematical skill could supply. To recommend 
his work and to meet the necessities of those who come 
variously equipped, he has divided his book into three 
sections. The is concerned with general principles 
and may be described as mainly philosophical in 
character. It contains and amplifies the lecture 
delivered to the Royal Society of Edinburgh on the 
occasion of the award of the “‘ James-Scott prize’”’ 
for the encouragement of the philosophy of science. 
Part II should appeal more particularly to physicists, 
for it deals with the particular results deducible from 
the formule assumed for the gravitational and electro- 
magnetic fields. The much debated shift of the 
spectral lines and its possible detection here comes 
under review. Another interesting ror is the 
attempt to remove, or to reduce, the discre 
between the observed place of the Moon and that 
assigned in the lunar tables, by substituting new 
gravitational formul» for the original Newtonian law. 
The success that followed the inquiry into the motion 
of the perihelion of Mercury makes the attempt seem 
feasible, but the author states that though he has 
found terms of short period that may affect the Moon’s 
position by one or two seconds of arc, he has not found 
a term of period long enough to aggregate an observable 
effect. It may further be noted, that while admi 
the brilliancy of conception that led Einstein 
Minkowski to assimilate time and space, there is no 
blind following of the reasoning in which Einstein 
has entrenched himself. Indeed when rigorous formule 
are compared there is some variance, but the criticism 
or deviations concern rather the manner of presentation 
than the conclusions. Part III will ap exclusively 
to the advanced mathematician, who will find there 
an exposition of the elementary theory of tensors. 
The author hopes it will prove useful to those who may 
be puzzled by the formule and procedures of the 
second rt. It requires three men to present 
adequately the Einstein theory: a mathematician, 
a physicist and a philosopher. Professor Whitehead 
combines in himself the triple qualification. 
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TRANSMISSION OF HEAT BY RADIATION 
AND CONVECTION. 


Tue complex conditions of the transfer of heat from 
@ warmer to a colder region look simpler on broad 
theoretical lines than they are in practice. That these 
problems still involve some rather unexpected, knotty 
theoretical considerations, however, was brought home 
to Dr. Ezer Griffiths and Mr. A. H. Davis, M.Sc., when 
engaged in an investigation of cold storage problems, 
conducted on behalf of the Food Investigation Board 
and the Department of Scientific and Industrial 
Research in the National Physical Laboratory. Heat 
transfer depends mainly upon conduction through 
solid materials or air, on radiation and on convection. 
Special Report No. 5 of the Food Investigation Board 
had dealt with the research on conduction. A further 
report* on the radiation and convection problems 
has now been issued. New light is thrown on the 
mechanism of convection, especially in connection 


BLACK BODY RADIATION. 
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with the loss of heat from vertical plane surfaces and 
the transfer of heat from parallel vertical walls sepa- 
rated by an air space. 

The heat transferred by radiation between two 
surfaces depends upon the temperatures of the surfaces 
and their natures. If H be the heat emitted from unit 
area per unit of time, T, and To the absolute tempera- 
tures of the emitting and receiving surfaces respectively, 
and E the emissivity constant, then H = E (T,4-To!). 
For “ black body” radietion E would have the full 
value 1; that value is nearly reached by a lampblack 
surface, whilst a polished metal surface has a very small 
emissivity. When H is expressed in calories per square 
centimetre per second, and the T are expressed in 
degrees Centigrade absolute, E is 1-36 x 10-2; on 
the B.Th.U. scale and degrees Fahrenheit E becomes 
16 x 10-10, Fig. 1 illustrates the increase of radiation 
with an increase in the temperatures of the two surfaces, 
se ted by a gap ofdry air. The difference (Ti: — To) 
is kept constant at 50 deg. C., but both the temperatures 
are slowly raised by 50 deg. ard the heat transfer by 
radiation, it will be seen, is increased by two-thirds 
its initial value. When the gap is subdivided “> 

ition wall, that wall approximately acquires the 
Prom temperature between the hot and cold body, and 
the radiation passing will—for small temperature 
differences—hence be reduced to one-half. Two 
partitions would reduce the radiation transferred to 
one-third, and the great effect of the minute sub- 
division produced by materials such as cotton wool 
is hence intelligible. 


° Report No.9 of 
In Board 
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The effect on the radiation of coats of crapper) 
was studied by painting a large copper cylinder con- 
taining hot water in stripes with a dead black paint 
(the standard) and with other pigments ; the cylinder 
was mounted vertically and was turned in front of a 
thermopile so that different stripes were successively 
radiating into the pile. Most of the paints tried— 
black and white pigments and enai els, dark green 
paint—proved equally efficient radiators, giving nearly 
the ratio 1 to the black standard; aluminium paint 
gave 0-7 to 0-5, whilst the dull copper surface itself 
gave only 0-15. For temperatures up to 100 deg. C. 
then the choice of paints would be immaterial. 

In convection, heat is transferred by the sweeping of a 
fluid past the hot surface. The magnitude of this heat 
interchange is determined by the density, viscosity, 
specific heat, &c., of the fluid, and the surface — 
tions and the calculations involve so many assumptions 
that experimental investigation is generally required. 








the on “Transmission of Heat by 
Radiation and ection.” ng 7 “aay by Dr. Fzer 
Griffiths, D.Sc., and A. H. Davis, M.Sc. [H.M. Stationery 


Office, Imperial House, Kingsway. [Price Is. 7}d.] 


Messrs. Griffiths and Davis mostly experimented with 








Fig.2. HEAT LOSS BY CONVECTION 
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walls heated to a certain temperature of @ deg. above 
the temperature of the room, the absolute heat transfer 
being little affected by the air temperature. Their 
hot plates were 3 ft. or 4 ft. square, and consisted of 
two metal sheets with a heating coil sandwiched in 


between. The plates were placed vertical or horizontal, 
face upward (floor condition) or face downward 
(ceiling). Fig. 2 shows that the heat loss by convection 
He was, as one would expect, greatest with the plate 
facing upward, smallest with the plate facing down- 
ward, and had an intermediate value with the plating 
in the vertical position. The influence of baffles was 
hardly to be predicted. A baffle of cardboard so 
attached to the vertical plate that the two together 
formed an inverted T reduced the heat loss by 4 per 
cent.; when the plate was also crossed by several 
parallel baffles normal to the plate, the heat loss was 
further reduced, but not much. In other experiments 
a vertical cylinder was surrounded either by a cylin- 
drical hood, the gap being closed above (not below), or 
by a conical hood, inclined downward, which retained 
the hot air as in a pocket; the losses from the bare 
cylinder and the two hooded cylinders were, in these 
cases, as 13-8 to 8-3 to 6-8; but radiation would enter 
into these figures. 
In the further study of the convection currents 
use was made of a hot wire anemometer, which we shall 
resently describe, and of other devices. According to 
gmuir, a vertical plane plate, heated in air, would 
not be directly washed by air, because a layer of stagnant 
air, 0-43 cm. thick, oud adhere to the surface, through 
which layer heat would be carried by conduction. 
This is not confirmed by Dr. Griffiths. The composite 
plate he used for this purpose is illustrated in Fig. 3. 
Two aluminium plates, separated by the heating coil, 
are inserted in a cork slab, 7-7 cm. thick; the crevices 
of the cork are filled up, and a linen cover is glued to 
the cork surface to prevent air circulation through the 
cork. Thermocouples soldered to copper discs are 
pasted to the metal surface with brown paper, and the 
whole slab is freely suspended. The heat loss by 
convection He was always much larger—ten times 








and more—than that of radiation. The hot plate 
was then faced, in a wooden frame, by a cold plate 
(Fig. 4), through the lead coils of which cold brine was 
circulating, and the height of the air space between 
the hot and cold faces was varied by inserting horizontal 
wooden partitions. The experiments showed that the 
heat transfer by convection across the enclosed space was 
independent of the width (1-2 cm. to 5 cm.) and the 
height (63 cm. to 126 cm.) of the air space, but that the 
cold plate did not reduce all the air to its low tempera- 
ture. For a temperature difference of 6 deg. C. between 
the hot and cold plate the heat transfer per second 
per square centimetre was 29-4 x 10~* 6! calorie, 
whilst the heat loss from the freely suspended plate 


(in air) was 47-5 x 10-* 6% calorie; the presence of 
the cold plate hence reduced the heat transfer by 
convection. The air velocity attained a maximum 
within 1 cm. from the hot plate, then to drop; close 
to the cold plate the air velocity was low. The tempera- 
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ture fall in the air close to the hot plate, from 40 deg. 
to 20 deg. C., was mostly accomplished within the first 
centimetre from the hot plate, being less rapid near 
the top of the plate than lower down ; the air currents 
were confined to a distance of 2 cm. or 3 cm. from the 
plate. Thus the width of the air space had no influence 
on the heat transfer by convection if within the limits 
from about 2 in. down to } in.; with smaller width 
air circulation would finally be stopped, and that 
influence of subdivision is being further investigated. 

As regards the influences, on the losses of heat 
by convection, of size and geometrical form the data 
of Messrs. Griffiths and Davis were found to fit into 
the curves of other experiments concerning fine 
wires, steam pipes (up to 15 in. diameter), spheres 
and plates. The curves for temperature excesses of 
150 deg. and 250 deg. C. were parallel throughout, the 
heat losses at the higher temperatures being greater 
than at the lower temperature, and it might in general 
be said that for pipes less than 20 cm. (8 in.) in diameter 
the heat loss per unit area decreased as the diameter 
increased, whilst for larger pipes the loss was inde- 
pendent of size and curvature, and thus the same 
for large cylinders as for plates. A peculiarity was, 
however, discovered in the case of high vertical sur- 
faces, walls 9 ft. in height. Since the upper portions 
of a hot wall would be swept by air already warmed, 
one might expect a relatively smaller heat loss per unit 
area from the upper portion, and Lorenz had, in fact, 
deduced that the loss per unit area should vary in- 
versely as the fourth root of height, A~!. To study this 
problem a wall, 9 ft. high, was built up of 25 plates, 
arranged above one another, all independently kept 
at the same temperature by electric currents. When 
steady conditions had been reached, the heat loss curve 
was that of Fig. 5; the units are arbitrary because 
the conduction and radiation losses were not especially 
determined. It will be seen that the loss was large 
in the lower sections, decreased to a minimum, then 
increased again, soon to become uniform. The great 
loss in the lower sections which would be struck by 
cold air was not surprising ; but the minimum observed 
was novel and strange, and suggested that the stream 
flow became turbulent at a certain height. It was 
found that above a certain height the air currents close 
to the wall no longer increased in temperature nor 
in velocity ; near those sections heat was not trans- 
ferred upward, therefore, but merely transmitted out- 
ward. At the lower edge of a plate the cold air would 
absorb heat from the plate and commence its vertical 
stream-line flow. Soon, however, the flow would 
become turbulent and carry off more heat from the 
heaters above than from those just below ; that would 
account for the minimum point observed. Owing to 
the turbulence, moreover, heat would be transferred 
through the strata lying near the top of the plate at a 
rate greater than could be effected by pure conduction. 
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In order to test this hypothesis and to eliminate 
the influence of the small gaps separating the sections 
of the wall, other experiments were made with con- 
tinuous cylinders of different heights, but of the same 
diameters. The heat loss from one of these cylinders, 
127 em. (50 in.) in height, was only 2 per cent. higher 
than that from a plane surface, so that the results were 
comparable. The cylinder used was a 6-in. gas pipe, 
originally nearly 9 ft. long, cut down more and more 
in the course of the experiments; the heating was 
effected by means of a resistance coil within the pipe 
(packed inside with sand), and the cylinders were 
suspended from the roof by a hemp rope; provision 
was made for correcting end effects. The curves 
obtained with heat excesses ranging from 80 deg. down 
to 20 deg. C. showed that the relation between heat 
loss and temperature excess depends upon the height 
of the wall, and conversely that the effect of height 
depends upon the temperature excess. That implied 
that the equation of heat loss cannot be expressed by a 
formula in which the height and temperature excess are 
separate factors, but that these variables must be 
grouped together. The appropriate way of grouping 
was deduced from the principle of similitude, on the 
lines of Rayleigh’s investigation of convection in a 
stream of fluid. These considerations indicated that 
the heat loss curve should have a minimum value 
and a point of inflection for a certain height of the 
wall. In the experiments mentioned that minimum 
was observed 1 ft. or 2 ft. from the bottom of the wall, 
the total height of which was 9 ft., as stated. In 
general 'the heat loss by convection He, it is concluded, 


may be expressed by the formula H, = Ag’, where 
A is the convection factor, determined by the height 1 
of the body. In Fig. 6 these heat losses, in calories 
per square centimetre second, are plotted for 
horizontal cylinders and for vertical plates. The A, it 
will be seen, becomes constant when the diameter 


exceeds 24 in. As regards the temperature excess 6, 
we should note that, 
when 


@ = 1, 10, 20, 40, 80, 100 
then 
ef = 1, 17-8, 42-3, 100°6, 258, 316 

The direct-reading instrument, the hot-wire anemo- 
meter which we mentioned above as used in these ex- 
periments, was devised to measure the temperature and 
the velovity distribution in air streams. When air, of 
density p and temperature @, flowing with a velocity »v, 
had been originally at 0 deg. C., then it has been supplied 
with heat which is passing a section normal to the stream 
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at a rate of vp és calories per square centimetre per 
second, where s is the specific heat of air at constant 
pressure. The instrument now can measure either the 
mass velocity v p, independent of the air temperature @, 
when used as a hot wire anemometer, or it can measure 
the @, when used as a resistance thermometer. The 
instrument is a Wheatstone bridge, the fourth arm of 
which contains a fine platinum wire (6 mil, diameter) 
between an ampere meter and the slide wire—which 
is made of manganin, like the rest of the bridge—the 
slider of which is joined to the bridge galvanometer. 
When serving as a resistance thermometer with a small 
bridge current, the air temperature is directly read 
from the position of the slider; for that purpose the 
instrument was calibrated like any thermometer. With 
stronger currents the instrument works as a hot-wire 
anemometer; the current heats the platinum wire 
several degrees above the air temperature, and the 
rate of cooling will depend upon the-air velocity. The 
instrument was calibrated in a vertical wind channel, 
into which the air was drawn through electrically- 
heated wire gauze and a honeycomb grid, the loop of 
platinum wire being held in the air stream in which it 
could be moved up and down, as in the actual measure- 
ments. The instrument is supplied with a pointer 
which is set either for ‘‘ thermometer ’’ or for “ anemo- 
meter’’; in the former case the bridge current is suitably 
reduced by the aid of resistances. 








AUTOGRAPHIC PILE SET GAUGE, 

WE illustrate on this page a convenient autographic 
pile set gauge devised by Mr. A. 8S. E. Ackermann, of 
17, Victoria-street, London, 8.W. 1. The instrument 
consists essentially of a frame which is firmly secured 
to the pile. A light plate carrying the paper on which 
the record is to be made, is to slide hori- 
zontally in this frame, under the tension of the 


horizontal spring shown to the left in Fig. 1. A weight 
carrying a pencil is suspended from the top of the pile 
through the intermediary of the vertical spring shown, 
which is made so long that its tension does not 


alter much by a reduction in its length equal to the 
probable set of the pile. As represented in Fig. 1, the 
instrument is ready to make a record. The platen 

arrying the paper is secured by a hook at the right- 
Gand end of its path. The pencil point touches the paper 
near its bottom margin, and when the monkey falls 
it strikes a trigger arranged some distance above the 
head of the pile, and by -means*of a Bowden wire 
releases the hook which detains the platen. The latter 





being thus freed is already moving horizontally under 


_0t3_ 


the tension of its spring, when the monkey reaches the 
head of the pile. As the latter is driven down, the 
weight, being spring supported, lags behind, since the 
only force accelerating it is the difference between its 
weight and the spring tension, which, as stated, does 
not alter much for a change in length equal to the set 
of the pile. As the duration of the blow is less than 
1, second, perhaps less than ,i,, second, the weight may 
for all practical purposes be considered as remaining 
stationary for this interval of time, and as the paper 
is carried down by the motion of the pile and traversed 
horizontally by the spring, a record is obtained in 
which the ordinates represent downward motion of 
the pile, whilst the abscisse are functions of the time. 
The trip gear which releases the platen is shown to a 
larger scale in Fig. 2. 

Whilst the instrument affords a convenient means 
for determining the set of a pile, it promises to be of 
utility in other directions. It is now recognised that 
the phenomena associated with pile driving are much 
more complicated than has been assumed in the past. 
In addition to the set of the pile proper there is an 
elastic compression of its substance, the energy 
absorbed in this way being unavailable for driving the 
pile, and mainly responsible for the rebound of the 
monkey. Some useful and interesting conclusions in 
regard to these matters and to the elastic compressi- 
bility of the soil should be deducible from a study of 
the autographic diagrams thus obtained. 





MATHEMATICS AND GEARED DRIVES. 
To Tae Eprror or ENGINEERING. 

Srr,—I trust you will allow me a little space 
to reply to Dr. J. H. Smith’s long letter of criticism 
in ENGINEERING for October 20, page 500, of my article 
in ENGINEERING for September 8, page 290. 

In my article I deliberately refrained from criticising 
Dr, Smith’s paper on “ Nodal Arrangements in 
Drives”’ r before the spring meetings of the Institu- 
tion of Naval Architects, merely contenting myself 
with setting forth my own work on the subject as briefly 
as ible, as being a contribution to this important 
subject from a professional mathematician not un- 
acquainted with engineering, and stating at the end of it 
that my work led me to conclusions which differed from 
what I gathered were the conclusions Dr. Smith came 
to in his paper. 

It will perhaps be best if I reply to the criticisms of 
my work in Dr. Smith’s letter before offering a few 
criticisms of my own on his original paper. 

When Dr. Smith, quoting my fi , Says that with a 
35-ft. propeller shaft, the magnification factor is 1-48 
whilst it is, say, between 3 and 5 (really 13/c,) for 
98-5-ft. shaft, and therefore the short shaft is apparently 
better than the long shaft, he entirely misses the point, 
which I thought I made very plain, viz., that the length 
of the long shaft was chosen so that the ey og beats 
would be exactly in synchronism with the natural 
frequency of the system. If the inertias with the short 
shatt were increased so as to lower the natural frequency 
to that of the propeller beats, the ratio of magnification 
would then be 36-5/cp or, say, 8 to 13 times ; thus clearly 
showing the inferiority of a short (or rather stiff) shaft. 

My formula (7), misnumbered (6), makes it’ clear, 
I think, that for a boat running in synchronism with the 
propeller beats, or with any harmonics of it, the ratio of 
magnification is inversely as the product of the number 
of propeller blades and the order of the harmonic con- 
sidered ; this product is my 6. It also varies inversely 
as the angular twist of the propeller shaft due to the 
driving torque then being transmitted. It is thus plain 
that the ratio of amplification at synchronism varies 
inversely as the flexibility of the shaft, and thus, other 
things being the same, inversely as its length. The fact 
that the ratio varies inversely as the driving torque does 
not mean any serious trouble at low speeds since the 
amplitude of the disturbing torque at the propeller 
decreases even faster than the driving torque, 

I cannot say that I read Dr. Smith's paper at all 
closely before writing my own. I read it superficially 
when first in proof, but as I am familiar with the looks 
of the generalised text book mathematics that Dr. Smith 
employs, and know what little help it is in most concrete 
problems, and that its chief use seems to be due to the 
awe-inspiring effect which it has on those who don’t 
know what it means, I did not read it as critically as I 
should have done. When writing my own paper a few 
months later, I confined myself to studying the con- 
clusions at the end of Dr. Smith’s paper which seem to 
me to have very little to do with the mathematics at the 


this way I was led into error by saying Dr. Smith 
had not considered the effect of tooth irregularities, for 
which I my apology, I wrote those words after 
stud: at the end of his paper; the 
13 slanting lines of which I take to indicate the funda- 
mental of the propeller disturbance together with the 
second to thirteenth onics. I note that in Dr. 
Smith’s letter he says that this diagram, if complete, 
would have 100,000 slanting lines. But why stop at 
100,000 ; why not 100,000,000? Thereis no to 
the number of harmonics theoretically. 

Now all this nightmare of a few hundred of thousands 
of harmonics, or even a few score, which Dr, Smith 
frightens people by, is largely a mental terror which he is 
wilting from himself. Dr. Smith only affirms of them 
that they are “ possibilities,” and blames me for thinking 
he thought them “ actualities.” The true view of them 





is that many of them are negligible quantities of the nth 
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order, where n is rather large, while others do not exist 
even as possibilities, as I hope to show. 

Dr. Smith, in his paper, lays great stress on what 
he calls a “ tuned system” or a “ nodal arrangement,” 
by which he means thas all the turbines driving on to the 
slow gear wheel should have the same times of 
oscillation when oscillating about the slow-speed gear 
wheel, as this reduces the number of natural frequencies 
of the system, and seems rather hurt that I have adopted 
his “‘ tuned nodal drive”’ without any acknowledgments. 
The truth is, that in my ignorance, I did not know there 
was anything new in it. The Metropolitan-Vickers 
Electrical Company, Limited, whose marine turbines 
are the only ones with which I am directly familiar, 
have for years made their high-pressure and low-pressure 
marine turbines of as nearly as goes equal inertias, 
and the turbine shafts of equal elasticities. I quite 
agree that the teeth would part company more 
readily if the turbines were not of equal inertias (unless 
the powers transmitted were proportional to the inertias). 
Merely ‘“‘tuning’’ the system as Dr, Smith does, does 
nothing to improve this, rather the reverse, for he 
connects the turbine of greatest inertia with the stiffest 
shaft, so that the period shall] be the same as that of the 
lighter turbine connected through a more flexible shaft. 
There is obviously much to be said from the point of 
view of tooth irregularities for making the shaft con- 
neoting the heaviest turbine as flexible as possible, quite 
regardless of what is done for the lightest turbine. 

When damping is taken into consideration, it is not 
always an advantage to make as many of the natural 
frequencies coincident as possible, as this throws more 
energy into their resonance and — give rise to trouble 
at a few points instead of no trouble whatever at many 
points. 

To illustrate the effect of the higher natural fre- 
quencies, that Dr. Smith accuses me of neglecting, let 
me take a concrete case which I investigated some years 
ago, of a ship with a four-blade propeller and a normal 

of 70 r.p.m. With stiff turbine and intermediate 
shafts, the natural frequency of the system was roughly 
five vibrations per second, this being the frequency due 
to the propeller shaft. With turbine and intermediate 
shafts as flexible as the designers could put in, there 
were three natural frequencies of roughly 5, 15 and 20 
vibrations per second for disturbances originating 
at the propeller. The lowest frequency cannot be 
altered much, since it depends almost entirely upon the 
stiffness of the propeller shaft (which is largely regulated 
by Board of e rules) and the lighter of the two 
effective inertias at its extremities, which is always the 
propeller. 

Now those familiar with these problems will realise 
that so long as the forced frequency lay betwen 0 and, 
say, 10 vibrations per psmndber yom would be only a few 
per cent. difference in the amplitude set up in these two 
systems. True, their behaviour would differ greatly 
winder a forced frequency of 15, but a forced frequency 
of 15 could only arise from the third harmonic of the 
propeller disturbance, and the point I wish to draw 
attention to is this: that supposing this natural fre- 
quency of 15 was the only natural frequency of the 
system, then a disturbing force of this frequency would 
only be magnified one-third as — times in the 

ropeller shaft as would one of a natural frequency of 5. 

ut this third harmonic of the —— disturbance 
will be very much smaller than the fundamental. Its 
amplitude will probably in all cases be much less than 
one-quarter of that of the fundamental, so it would be 
less than one-twelfth as great as this in the propeller 
shaft, and on the gear teeth. Now, some unpublished 
experimental tests I have seen, have actually obtained 
@ magnification ratio as low as 3-7 for a hoat when 
running in dead resonance with the lowest natural 
frequency. One-twelfth of 3-7 is 0-3, and as the ampli- 
tude of the fundamental of the propeller disturbance 
at the propeller is not likely to exceed 20 per cent. of 
the driving torque, we see that the amplitude of the 
third harmonic in the propeller shaft cannot exceed 
6 per cent. of this, even making these liberal allowances. 

I might point out that the fact of gear teeth parting 
company at a certain speed, as this is raised, does not 
prove that the parting is duc to resonance. If it was due 
to resonance, the trouble should cease again when the 
speed is sufficiently above natural frequency. If the 
trouble begins when the speed is four-fifths of the 
resonance speed, it should cease approximately when 
the speed is five-fourths of the resonance speed. My 
impression is that in most cases, the trouble, once it 
starts, gets continually worse as the speed increases. 
This looks very much like trouble due to teeth errors, 
which must increase indefinitely as the square of the 
speed. There is no proof that the trouble is due to 
resonance, unless it decreases after the resonance point 
is 








t. Smith very strongly reproaches me for simplifying 
the system I was dealing witli, by taking rigid shafts 
for the turbine and intermediate gear shafts. But 
he does the same sort of thing himself in his paper. 
He only assumes one flexible shaft per gear train, and 
that the turbine shaft, and then objects to me assuming 
that rigid also. I wish particularly to call attention to 
this point, as engineers may be under the impression 
that Dr. Smith has considered the most general system 
that includes every case in practical use. Far from it ; 
for a double reduction gear he assumes one rigid shaft 
where I have assumed two. My assumptions are 
gee aa to the truth, but Dr. Smith even neglects 
the flexibility of the oo shaft which is the 
dominating flexible member of the system. 

On e 4 of his paper, Dr. Smith says, “ We shall 
assume that the connection between each driven wheel 
and its attendant driving wheel in the gear box is abso- 
lutely ‘e that the working faces of the teeth are of 
perfect form for accurately transmitting a definite 











velocity ratio, and that the teeth are normally bedded 
tightly together under the action of torques arisi 
from the prime movers and external resistances,” 

he also re-emphasises this fact on page 7, at the top. 
I merely simplify a little further by taking the turbine 
shafts rigid as well as the intermediate shafts. 

I think any engineer who compares my mathematics 
with Dr. Smith’s will be very glad that I m to 
keep my equations within reasonable bounds, and at the 
same time sufficiently ney 4 to the actual system that 
occurs in practice to afford him the guidance he needs, 
instead of complicating it with generalities that never 
occur in practice, such as by assuming that there were n 
different inertias in parallel connected through m gears 
in series to the slow-speed — wheel. 

On the subject of the higher harmonies in the propeller 
disturbar-~s, Dr. Smith seems to hold views which are 
entirely at variance with the ideas of those who are 
familiar with the subject of harmonic analysis. It is 
well known that if a periodic curve has discontinuities 
in slope but not in ordinate the amplitude of the nth 


harmonic is proportional to .. . when n is relatively large : 
n 


and if it have discontinuities in curvature, but neither 
in slope nor ordinate, the amplitude of the nth harmonic 


is proportional to 5 when n is relatively large. Now 


all the disturbances that arise through the propeller 
are what may be called “ soft’’ disturbances, since they 
are due to the influence of a “ soft’’ substance, viz., the 
water. It follows then that the propeller torque curve 
cannot contain any sharp angularities or discontinuities, 
but will be highly rounded everywhere, and therefore all 
the harmonics will be very small, and the higher ones 
will rapidly become infinitesimal. 

Hence we can entirely dismiss from our minds 
Dr. Smith’s rather terrifying diagram showing 13 
harmonies of the propeller ts, let alone the remark 
in his letter about there being 100,000 of these sloping 
lines. If, when a propeller has an odd number of blades 
we not to regard the disturbance of double the 
frequency of the propeller blades as a “ harmonic”? ; 
since each blade creates a disturbance both when at its 
highest and when at its lowest points, which causes 
the double frequency term in this case; then we may 
entirely neglect every harmonic of the propeller disturbance, 
since they are certainly ail too small to produce any tooth 
separation even if in exact resonance with one of the 
higher natural frequencies. 

or. Smith finds fault with me for introducing into 
my mathematics a physical constant about which not 
much is known, and says that one might speculate for 
weeks about it without arriving at any conclusion. 
Quite so, it would, I admit, be very futile for any one 
who was not an expert in experimental hydraulics to 
speculate about its value at all, and would be of very 
problematic utility for such a one. It is a constant 
which can certainly be determined with a rough accuracy 
by actual test on ships, though not perhaps very easily. 
After a few attempts, the following method would prob- 
ably give it correct to 10 per cent. or 15 per cent., which 
is amply accurate enough for all engineering purposes. 

When a ship is running at a steady speed and the 
torque in the propeller shaft has been measured by a 
torque meter or otherwise, let the speed of the turbines 
be reduced as suddenly as possible about 10 per cent., 
by shutting the stop valve and then hand-regulating 
it to keep the turbine speed as constant as possible, 
after it has fallen by the desired amount. Now take a 
new reading on the torque meter as quickly as possible, 
and before the speed of boat has had time to reduce 
appreciably. If this new reading is 30 per cent. less 
than the original one, then cp is 3. From the rather full 
published data on one recent -~ I deduced a value of 
about 3 for this constant ; and I obtained the figure 4 
from engineers as being an approximation to its value 
for sor .> ships they were interested in, while 2 seems to 
me to be below the least value that could reasonably be 
expected from any propeller. It is probably within 
about 30 per cent. of 3 in all cases. It is not, therefore, 
a constant about which it is impossible to form any idea 
whatever ; if it was, no one would be more ready than 
myself to affirm the absolute uselessness of my results 
to the practical engineers. 

Dr. Smith disagrees with my statement that my 
conclusion that both the turbine shafts and the inter- 
mediate shafts should be as flexible as possible is in 
antagonism with his conclusion, and affirms that they 
are in agreement. Yet on page 17 of his paper, he says, 
“It may be observed that we must cut out all elastic 
shafts in the gear-box ; that is, we must bind the driver 
and driven wheels mounted on any shaft as rigidly 
together as possible.’’ Further, on page 2 of his paper 
Dr. Smith refers, with what I take to be contempt, 
“to the various suggestions that elastic shafts or coup- 
lings should be added to the system, whether in the 
propeller shaft, gear-box or turbine shafts,’’ and also, 
“to the suggestion of elastic rims to the gear wheels”’ ; 
as, in the next sentence, he implies that these are not 
even suggestions “‘in which some slight indication of the 
introduction of scientific ideas is in evidence.” It is 
thus beyond me to know what Dr. Smith’s ideas on this 
point are. 

In the face of this, Dr. Smith’s fifth point, viz., 
“Attempting the elimination of high periodicity dis- 
turbance by lowering the pitch of the possible free 
vibrations of the system,’’ seems rather contradictory. 
Dr. Smith will therefore, I am sure, excuse me for 
thinking he was in favour of rigid shafts wherever 

ible, so as to “cut down the number of degrees of 
reedom, and the possible number of critical speeds as 
much as ible (see 17 of his paper, where yords 
to this effect are plainly stated). 

Dr. Smith does not seem to me to have dealt with 





tooth irregularities in a way that is of much help to 
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engineers. Tooth irregularities are of two kinds, the 
effective periodic ones, and the effective non-periodic 
ones. Actually, of course, all tooth irregularities are 
necessarily periodic, but practically they are not so. 
For instance, if a wheel of 100 teeth has one tooth 
slightly displaced, the error curve for that wheel is zero 
for something like 299/300th of the periphery, and finite 
only for about 1/300th. Analysed harmonically, this 
will contain all harmonic components from the funda- 
mental (with one period to the whole circumference) 
upwards, but the amplitude of the fundamental will only 
be about 1/150th of the amplitude of the actual error, 
while none of the harmonics will have an amplitude 
much greater than twice this. It gives a more correct 
idea of the effect of such an error to regard it as giving 
jerks to the system, since owing to the load resistance 
the effect of each jerk will be completely over before 
the next arrives. Harmonic analysis should not be 
applied to tooth irregularities unless the experimental 
curve of errors shows unmistakably the presence of 
definite harmonic components with only a comparatively 
few periods in the circumference of the wheel. Even 
if every twelfth tooth of a gear wheel is — by the 
same amount it will probably be practically erroneous, 
though theoretically correct, to analyse this displacement 
into its harmonic components, unless the neighbour- 
teeth are displaced in a similar manner. For otherwise 
each displaced tooth will give the slow speed gear wheel 
a jerk forward the effect of which, owing to the load 
resistance, will, in all ay have subsided before 
the next displaced tooth comes into action. 

The effect of these apparently non-periodic tooth 
errors, which are probably more important and frequent 
than the effectively periodic ones, has nothing whatever 
to do with the natural frequencies of the system, and 
they may be very simply investigated by the most 
elementary dynamics, on the assumption that the teeth 
are rigid. Such an elementary investigation need not be 
published in fuli in ENGINEERING, but the actual result 
is, | think worth stating. 

Let twi. wheels of inertias I; and Ip tb.-ft.2 be geared 
together. In these inertias must be included the 
effective inertia of any other masses rigidly connected 
or geared with these wheels. Let r; and re be the radii 
of their pitch circles, and let v be the pitch circle velocity. 
Let 6 be the tooth error of any tooth relative to the teeth 
on either side of it. Let this error have to be accom- 
modated by the acceleration of the driven wheel and the 
retardation of the driving wheel in a time during which 
the pitch circle moves a distance s. Then if the force F 
between the wheels be assumed constant during this 
time, (so as to get its lowest possible value) we find : 


F = RS ad Ibs 
ge il, + Fe) 


We can, without any exaggeration, suppose that ¢ is 
about one-half or one-third of the projection of the arc 
of tooth contact on the pitch circle. It is clear from this 
formula that for F to be small for given values of v, 
and 6, either r?/I, or r3/I, must be made as large as 
possible. This is the reason why I said that each 
pinion must be connected through as flexible a shaft as 

ible; it has nothing whatever to do with natural 
requencies, 

An alternative method to flexible shafts, but one 
which for the sake of getting as much benefit as possible, 
I would suggest might, in some cases, be made an 
additional method, is to introduce flexibility into the 
teeth by cutting them down for a greater depth below 
the pitch circles.* This can obviously not be done on the 
pinions, but can, and might, be done on the gear wheels, 
till the total height of the teeth is, say, 2 to 2-5 times 
the pitch. This would make the gear wheels more 
expensive it is true, as a considerably thicker tyre 
would have to be put on the slow-speed gear wheel 
than is customary now, but the extra initial expense 
would be justified in cases where sufficient flexibility was 
otherwise unobtainable. 

As I believe some engineers find some little difficulty 
in realising what is the exact system to which Dr. Smith 
applies his mathematics it will be well to set it out 
here very briefly. 

Dr. Smith first imagines a slow-speed gear wheel to 
which n masses, though in practice there are never more 
than three and rarely more than 2, are connected in 
parallel by pinions and flexible shafts. He imagines each 
of these n masses to be acted on by a periodic disturbing 
torque, due to causes not made at all clear. Steam in 
the turbines is stated much later to be this disturbing 
cause. He seems to the reader to entirely neglect all 
consideration of the propeller shaft, and propeller, and 
the periodic disturbance acting on it; that is, he seems 
to neglect what is undoubtedly by far the most important 
thing to consider, till one reflects that the propeller may 
be regarded as one of these » masses. Subsequently 
one finds, however, that this interpretation cannot be 
given. He rightly finds that the system has as many 
natural frequencies, which he calls critical speeds, as it 
has flexible shafts. 

He next interposes m gears in each train, and unless 
one regards his equations as omitting the propeller 
shaft and propeller altogether, one has to imagine m™ 
ae between the SS gear wheel and the propeller! 

e then finds 2n critical speeds, at which some one gear 
will part company for a given periodic disturbance 
acting somewhere in that train. These 2n critical speeds 
of his are nothing more than the boundaries of the n 

ions in the neighbourhood of the n natural frequencies 
of the system, within which, on the assumption that there 
is no damping present, a periodic disturbing force of given 








* [This method is already in use and was illustrated 
in the two- pee eee relating to the Ljungstrém Loco- 
motive publis in our issue of August 4 last.— 
Ep. E.] 
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amplitude will = rise to forces that are large enough 
to cause the teeth in that gear to company. With m 
gears per train, he says that there are 2 mn critical 
speeds for the same single disturbing force ; whereas there 
are, of course, still only n critical speed regions inside 
which the teeth of some of the rs will part company, 
and all these regions are included in the regions corre- 
sponding to the particular gear which parts company 
most readily. 

Finally, Dr. Smith, still further flabbergasts mathe- 
maticians and engineers alike by saying that when 
n disturbing couples act together, one in each shaft, there 
are 2 mn? critical speeds to which must be added the 
original n, making 2 m n2 + n! (N.B.—The exclamation 
mark does not mean the factorial of this number.) 
Whereas all that happens is that these n critical regions 
in the neighboutbest of the n natural frequencies are 
somewhat broadened when more than one disturbing 
force is present at once. For if, at a certain speed, 
there are two different disturbing forces, each of which 
when acting separately produced a back pressure of 
60 per cent. of that uired for separating the teeth, 
then when acting together they may obviously cause 
tooth separation if their effects are nearly in phase. 

This nightmare of 2mn?®+ n critical speeds that 
Dr. Smith obtains is therefore totally inaccurate and 
entirely misleading ; and is simply due to the fact that 
he was not aware that his equations gave him, not 
critical speeds, in the ordinary meaning of the term, 
but the boundaries of critical speed regions inside which 
some of the gear teeth would part company. If all the 
critical speed regions lay external to one another, the 
would certainly look formidable, but they don’t; they all 
lie a prmnemnt 5 symmetrically) about each of the n 
natural frequencies, and they are all included if we take 
the largest region in the neighbourhood of each natural 
frequency. Dr. Smith has actually counted up all the 
boundaries of these overlapping regions and called them 
all critical speeds ! 

When damping (which, of course, Dr. Smith has entirely 
neglected) is considered, all these n regions will be 
narrowed down, and some, or even all, of them may be 
obliterated altogether for disturbing forces of such 
magnitude as can arise in practice. I think I can assert 
that this will be so for all the harmonics of the propeller 
disturbance except its fundamental, if regard is had to 
what has been said above about propellers with an odd 
number of blades. 

The discovery of these n critical speed regions, the 
existence of which is obvious to anyone, without an: 
mathematics whatever, and the nature of which Dr. Smit 
a miscomprehends, since he calls them 2 m n2 + n 
critica , seems to me about the chief tangible 
result that Dr. Smith arrives at as the result of all his 
pages of ponderous mathematics. Yet of my work, in 
which I obtain a valuable and definite result, which is 
both easily comprehended and easily applied, he says 
that, “‘I discover nothing by direct analysis,” and that 
‘““my results are of a negative character.” I can only 
conclude that Dr. Smith is highly chagrined by seein 
such valuable results established with mathematica 
neatness and brevity. 

One of the chief points which I wanted my paper to 
drive home, was the very great damping to which any 
vibrations in a turbine-propeller system must be subject. 
I know quite well that not much is known about the 
exact value of cp, but its determination is not impossible 
and is a subject for marine engineers, not for me. 

Those who are sceptical of this very high damping 
may reflect that the oscillations of a propeller when 
oscillating about its mean speed with the boat travelling 
at a speed corresponding to the mean speed of the pro- 
peller will be of the same order of magnitude as the damping 
would be if the boat was stationary and the propeller 
oscillated about a fixed position. Taking c, as 3, my 


formula for the ratio of magnification of the propeller | an 


disturbances, when they are in synchronism with the 


natural frequency of the system, gives ~ for a three- 


bladed propeller and _ for a four-bladed one ; where x 


x 
is the twist in radians in the propeller shaft at the time. 
I challenge anyone to bring forward any experimental 
tests ps that this ratio is considerabley ter 
than that given by these simple expressions, and Ft reryecen 
inathematics therefore i 
practice, 

My final conclusion is that the origination of 
turbine driven steamers was a leap in the dark, which 
but for the high damping to which all the vibrations of 
the system are subject, would probably have had to be 
given up entirely as Dr. Smith hints at the end of his 
letter they may have to be. But I think, on the other 
hand, that on account of the heavy damping, geared 
turbine steamers can be made quite successful, provided 
that nothing is put into the designs, which I may term 
briefly, but I hope not impolitely, ‘ inexcusably stupid,” 
and provided that every reasonable help to success is 
incorporated. 


is wrong, or inapplicable in 


Yours faithfully, 


ALBERT EAGLE. 
The University, Manchester. 








“THE COMMERCIAL VALUE OF 
KNOWLEDGE.” 
To THe Eprror or ENGINEERING. 

_ Sim,—Having read a part of the discussion in 
ENGINEERING about technological education, I should 
like to put my experience before your readers, asking 
them at the same time to remember that I am neither 
a rabid trade unionist nor a drunkard. 

I served my apprenticeship as a general sheet-metal 
worker and brazier, during the last year of which, and 





the following three years, I attended the evening classes 
of the Northern (London) Polytechnic, and gained a 
L.C.C, evening exhibition, and the first prize and silver 
medal of the City of London Guilds for theoretical 
knowledge of my trade, and also certificates for chemistry, 
mechanics and metallurgy. Then I started out to find 
a better job; I spent weeks riding and tramping the 
streets of London. A few firms wanted ordinary hands, 
but not one had an ey for any one else; some of 
the m rs or foremen I interviewed told me, “ We 
want hands, not brains or school learning” ; or, as your 
correspondent ‘‘ Anti-Professor’’ says, ‘We want men 
who can do the work and not talk about it.” My evening 
class successes did not help me a bit, or else actually went 
against me. Ten years ago I decided to try the Argentine 
Republic, but found things here just the same. I re- 
turned to England in 1915 to “ join up,” and on being 
demobilised spent a month, unsuccessfully, looking for 
an employer who would employ me on the strength of 
my Polytechnic certificates, &c., so came out here again 
and tried all the British firms (railways, &c.), with no 
better result than before; so I am just an ordinary 
“hand” still, except that I now realise that my duty 
is to work—not think, and to carry out the instructions 
of those who are not tradesmen (theoretical or practical) 
no matter how unsuitable, costly or miscalculated they 
may be, without comment. 
I remain, yours truly, 
Argentina, October 22, 1922. “* CorDIDO.”’ 





STRESS DISTRIBUTION IN HELICAL 
GEARS. 
To THE Eprror or ENGINEERING. 

Srr,—I am carrying out an investigation into the 
stress distribution in helical gears, and would feel very 
much obliged if those of your readers who have the 
information could send me details about failures, in order 
that I may fix on the constant to be used in the formule. 
I would like to have details of construction about the 
pinions, especially their lengths, numbers of revolutions 
and fracture and power of pressure on teeth. Inserting 
the n, the number of revolutions, into the fatigue 


formula: stress = my oo limit plus C (108/n)t, Where 
C is a constant, the local fracturing stress would be 
known. The number n need only be an approximate 
one. I understand that failures are fairly evenly dis- 
tributed amongst the various manufacturers, and I hope 
that they, too, will not hesitate to send me what informa- 
tion they have, as names wil] not be mentioned. 
Yours faithfully, 
C. E. Srromeyer, Chief Engineer. 
The Manchester Steam Users’ Association, 9, Mount- 
street, Albert-square, Manchester, 
November 24, 1922. 





Five Dust Briquetrine.—The principle of briquetting 
as a means of flue dust disposal has been adop by the 
M. A. Hanna Furnace Company, says The Iron Age, New 
York. The keynote of the new plant is its automatic 
and simple operation. The briquettes, as turned out at 
Buffalo, are pillow-shaped, small, weighing 50z. Passing 
directly from the press to a belt, they are ready at 
the end of an hour’s travel for fairly rough handling. 
The briquettes are in easily reducible form. 





CuHANGEs IN [RON AND STEED BELOW 280 Dec. C.— 
In our issue of July 14, we mentioned, on page 45, the 
thermo-electric experiments on some new Z transforma- 
tion points in iron, made by Borelius and Gunneson, of 
the University of Lund, Sweden. At the meeting of the 
Royal Society of November 23, Professor F. C. Thompson 

Mr. E. Whitehead, of the University of Manchester, 
described “ Changes in Iron and Steel at Temperatures 
below 280 Deg. C.,’’ which likewise concern transforma- 
tion phenomena, independently investigated without 
knowledge of the Lund work by different methods. 
Determining the electric resistance and the electric 
potential of iron against platinum at different tempera- 
tures, Thompson and Whitehead noticed peculiar sudden 
rises in those values, at temperatures of 55 deg., 100 
deg., 120 deg., 140 deg., 220 deg., 245 deg. C., the changes 
at 120 deg. and 220 deg. C. being the most important. 
Steel showed similar, though less striking abnormalities, 
at about the same temperatures. These peculiarities 
could hardly be of the nature of allotropic changes, it 
was inted out. Under the same conditions iron 
carbide was found to possess two well-marked points, 
at 160 deg. and 200 deg. C.—possibly not distinct points, 
but the ends of a single transformation range. Studying, 
in connection with this work, the etching of cementite, 
they observed that the reagents which darken cementite 
were strongly alkaline; no acid solution and only one 
neutral solution would do this. They found one solution 
by means of which the two forms of cementite could 
micrographically be differentiated ; since, however, the 
8 form of cementite will revert to the a form in a few 
days at room temperature, this reagent was not always 
satisfactory. Quenching iron and high carbon (3-8 per 
cent.) steel from 280 deg. C., they further found chat 
the electric resistivity differed from that observed with 
slow cooling. But these values were again not constant, 
and in the course of a few days the two values practical] 
coincided. These abnormalities are so far canepheiaed. 
But Professor Thompson drew attention to the known 
fact that iron will not ring (acoustically) at a temperature 
of 120 deg. C, when it has a very low elastic limit. His 
experiments refer, like those of Borelius, also to the 
at iron obtainable, freed so far as possible from 

ydrogen, and to thermo-electric properties; contrary 
to Borelius, however, he did not o' e that pure iron 
differed essentially from ordinary iron. 











SOCIETY OF GLASS TECHNOLOGY. 


AN interesting ceremony took place in the early part 
of the meeting of the Society of Glass Technology, held 
on Wednesday, November 2z, in the Applied “Beience 
nag > of the University of Sheffield, when the 
“Frank Wood” medal was presented to the successful 
students in the Department of Glass Technology at the 
Sheffield University. 

Mr. W. M. Gibbons, istrar of the University, who 
attended on behalf of the University, said that they all 
liked to think that the Society of G Technology was 
born in the University, and they were glad at all times 
to welcome it in their midst. The University had a very 
warm regard for the study of glass technology. 

In 1919 the society decided to recognise the services 
Mr. Frank Wood had rendered in connection with its 
foundation and handed over to the University 100 
guineas, with the condition that the income should be 
utilised to provide some reward to students in the glass 
technology department. It was decided that the reward 
should © the form of a medal, and that it should be 
associated with the name of Mr. Frank Wood, in whose 
honour it had been established. The medal had been 
designed by Mr. Percy Metcalfe, of the Royal College of 
Art, at the suggestion of Professor Rothenstein. 

Mr. Frank Wood presented the medal to the successful 
students, Mr. G. G. Middleton and Mr. H. W. Howes, 
and in doing so expressed appreciation of the honour that 
had been done him by associating his name with the 
medal, and asserted that Dr. Turner had been the real 
backbone of the society. 

Professor Turner gave a short account of a visit recently 
paid to Czecho-Slovakia, where he investigated the 

ition of the glass industry and the methods of manu- 
acture. After dealing with the difficult economic 
situation with which the Czecho-Slovakian glass industry 
has to struggle, Professor Turner concluded by saying 
that “‘ the technical side of the glass industry has not 
made anything like the progress that it has in this 
country. The Bohemian glass industry is living largely 
on its old tradition and the existing store of knowledge. 
Machinery scarcely exists for the manufacture of glass- 
ware, and the work is carried on largely by hand, as it 
was before the war. There was a great deal of money 
made in the industry in the boom years of 1919 and 1920, 
but very little of that money was put into the business to 
improve it. In this country we can look with some 
satisfaction to the fact that, despite E.P.D. taxes, 
British manufacturers put considerable sums into the 
improvement and extension of their works and in new 
plant, and I am not without hope that the result of these 
improvements will mean that British manufacturers are 
able to make their goods cheaper and better. We can 
definitely say that, in many methods, from a technical 
point of view, we lead the European Continent at the 
present time, and I hope the result of that technical 
superiority will be evident before many months have 
passed.” 

A paper on “‘ The Use of Selenium in the Production of 
Colourless Glass "’ given by Mr. J. Cousen, A.R.C.5., was 
of great interest to both manufacturers and technical 
men present. Mr. Cousen gave details of a large number 
of experimental melts made to determine the effect of 
various batch materials on the decolourising power of 
selenium. Some unexpected and very interesting results 
were obtained. Details were also given of another 
series of melts in which the effect of the duration of melt- 
ing on the colour develo was shown. 

During the morning the members visited the works 
of the Parkgate Iron and Steel Company, Limited, and 
took part in a very interesting tour of inspection. 





Use or Gunite IN PreseRvVING MINE TIMBERS,— 
A most important question, on which adequate data 
are not available, is the effect of gunite in retarding the 
decay of timbers to which the gunite is applied. It is 
obvious that such information can be obtained only b 
observation of gunited timber in comparison wit 
exposed timbers under similar conditions, over a period 
of years. Experiments at the United Comstock, North 
Star and Empire mines, and at the University of Cali- 
fornia adit are being watched carefully by the Bureau 
of Mines, of Washington, D.C., and the final results will 
be published. From what has been learned of the density 
and non-porosity of gunite and its resistance to the 
absorption of water, it seems reasonable to believe, if 
sound timbers free from decay are carefully and com- 
pletely covered with gunite, the gunite coating will 
protect the timber against the attack of fungus and 
insects, and thus retard decay. 





Corrger-ALLoy Pire Firtincs ror Domestic Work. 
—Report No, 99-1922 of the British Engineering 
Standards Association on the subject of copper-alloy 
pipe fittings for pipe sizes from 4 in. to 4 in., has just been 
issued, and deals with the material to be employed, 
testing and dimensions for equal and reducing sockets, 
elbows, tees, plugs, crosses, return bends, &c., and 
both short turn and long sweep fittings are included. 
The report contains numerous tables for equal fittings 
and the methods to be adopted for calculating the 
dimensions of reducing fittings, accompanied by ex- 
planatory figures in each case. Tables of centre to face 
dimensions for reducing fittings are given, and also the 
standard sizes of these fittings in both short and long 
sweep varieties. Each type is illustrated. Some notes 
follow on the design of the fittings, accompanied by a 
diagram illustrating the method of setting out the curves. 
Appendices regarding screw threads and British standard 
test-pieces are given. Copies of this Seen ene a tae 
ls. 2d. post free, are obtainable from the Offices of the 
British po seer | Standards Association, 28, Victoria- 
street, London, 8.W. 1. 
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Formrrty it was general, if not universal, practice 
to employ reciprocating blowers for the purpose of 
supplying the scavenging air to two-stroke Diesel 
engines, and it was usual to embody these in the 
engine unit, as shown for instance in Fig. 1 above, which 
illustrates a four-cylinder two-stroke cycle Diesel 
engine with a scavenging air pump driven off the main 
shaft. While this arrangement has proved mechani- 
cally satisfactory it presents certain drawbacks. The 
pump adds considerably to the length of the engine 
unit and the regulation of the volume of scavenging 
air to suit the load on the engine can only be affected 
by throttling, which method is, of course, uneconomical. 
When starting up, no scavenging air is available, while 
the delivery from the pump is pulsating and not con- 
tinuous, These factors have caused attention to be 
directed to the advisability of making the blower 
independent of the engine, and substituting for the 
reciprocating machine the rotary type of blower. 
The latter presents many advantages over the former, 
especially for marine propulsion where the great saving 
in space is an important consideration. 

We have on previous occasions pointed in these 
columns to the saving thus effected. On page 224 ante, 
when dealing with Messrs. Sulzer’s two-stroke Diesel 
engines, we gave an illustration showing the compara- 
tive size of a reciprocating and a rotary scavenging 
pump of the same capacity. This point was also 
brought out in Mr. W. Reavell’s paper on “ Air 
Compressors’ read before the Institution of Naval 
Architects, in London, last spring.* We believe 
Messrs. Sulzer Brothers, of Winterthur, Switzerland, 
were actually the first firm to take up this subject, the 
turbo-blowers being made for them by Messrs. Brown, 
Boveri et Cie, Baden-Aargau, Switzerland, whose 
London office is Trafalgar House, Waterloo-place, 8. W. 4. 
The illustrations, Figs. 2 to 8, on this and the follow- 
ing pages, refer to turbo-blower sets made by this firm 
for scavenging two-cycle marine Dieselengines. During 
recent years a large number of these sets have been 
built, Fig. 4 showing one of the earlier patterns. 

Apart from the advantages presented by the turbo- 
machine, as regards space, &c., the blower delivers a 
steady supply of air. Little supervision is required. 
The consumption of lubricating oil is small. Main- 
tenance due to wear is very low, while the independent 
set possesses great advantages as regards regulation. 
Finally it is claimed that with the turbo-blower the 
fuel consumption is considerably reduced, partly due 
to the small power required by the blower and partly 
due to the more ar and effective scavenging of 
the main cylinders, thus tending to improved com- 
bustion. It was thought that noise might be an 
objection to the turbo-blower, but this has not proved 
to be the case, and no trouble whatever is experienced 
in this way. It is usual practice in Diesel engined 
ships to drive turbo-blowers independently by direct- 
current motors, although where for some reason steam 
is generated, a steam turbine may beemployed. Where 
the ship’s auxiliaries are driven electrically the same 
power is very advantageously utilised for the blower, 
for the ship’s dynamos are then practically always 
usefully employed. The size of the dynamos is 
commonly determined by the requirements of the 








* ENGINEERING, page 182, vol. ‘exiii. 
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capstans, winches, &c.; but these are only used when 
the ship is in port so that the generators are too large 
for normal service. Utilised to drive the blowers this 
disadvantage disappears, and the blowers absorb the 
main proportion of the power delivered. 

For the scavenging air turbo-blower the most suitable 
speeds are found to lie between 2,800 r.p.m. and 5,000 
r.p.m., according to the and volume of air 
required. These speeds are not out of the way for steam 
turbines, but they present difficulties to the designer 
of direct-ourrent motors unless gearing, which takes up 
space, isadopted. Paying particularattention, however, 





to this problem, Messrs. Brown, Boveri, have made 
remarkable advances in the development of high-speed 
direct-current machines, and have produced a type of 
motor suitable in every way for use with these scavenger 
turbo-blowers. Fig. 2, on this page, gives the normal 
speeds for turbo-blower direct-current motors built 
at the present time by Messrs. Brown, Boveri. 
Usually in marine installations two blowers are pro- 
vided for two main engines, each, however, of sufficient 
capacity for use alone, the other acting as a stand-by. 
©The Diesel engine and turbo-blower combination 
works well and requires no special supervision on the 
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part of the engine-room staff. The adjustment of 
the blower to suit normal service conditions is done 
on the test bed. This adjustment in the blowers under 
notice is/simplified by the special form of movable 
diffusers “adopted by Messrs. Brown, Boveri,” on their 
machines. - The illustration, Fig. 8, shows this arrange- 
ment. If, as occasionally happens, a turbo-blower 
does not quite meet the service requirements, these 
movable diffusers can be adjusted to suit, within wide 
limits. Once set on the test ‘bed, the diffusers are 
commonly fixed in the proper position, but adjustment 
is still possible by a hand-lever control, should such be 
required. If the load is very small, or if only one 
engine is working under part load, adjustment of this 
kind is advisable, while readjustment of the diffusers 
simultaneously with speed regulation gives a better 
efficiency than alteration of the speed alone. Fig. 3, 
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page 676, gives the pressure-volume curve of the 
scavenging air of a two-stroke Diesel engine for various 
loads and speeds. The line a represents the actual 
requirements of modern practice. If, for instance, 
an engine at n, r.p.m. required a certain volume of 
air at a certain pressure denoted by the position of the 
point B, when the engine speed is raised to m the 





ApguUSTABLE DirFusERS FOR TURBO-BLOWER. 


pressure and volume of scavenging air required will be 
represented by the position of the point A. This 
diagram has been determined from a wide experience 
with turbine blowers. The pressure has to overcome 
all resistances from the blower to the atmosphere. 
As is well known, points of equal efficiency of a turbo- 
blower with speed regulation lie on a parabolic curve, 
represented in Fig. 4 by the dotted line b. The para- 
bolic form of the scavenging pressure-volume curve 
is thus favourable to the use of turbo-blowers. The 
adjustment of the blower when the main engine is 
running under light load may thus be largely effected 
by speed, which Messrs. Brown, Boveri supplement 
under certain conditions with advantage by the 
adjustment of the diffusers, 

Adjustment of the speed of the blower is not advised 
unless the main unit is likely to run below normal speed 
for some considerable time. If the blower be driven 
by a direct-current motor this is accomplished by a 
field rheostat, with practically no trouble to the engine- 
room staff. In service, as a matter of fact, these blowers 
call for practically no attention. On the tirst run of 
the motor-ship Handicap the two blowers were in 
service for over 700 hours, 600 of which were con- 
tinuous. No wear of either the commutator or 
brushes was noticeable after the run, and the blower 
required no attention of any kind afterwards. 

According to the final pressures to be obtained the 
Brown, Boveri scavenging air blowers are built as 
single or two-stage machines. As stated above, the 
type illustrated in Fig. 4 is an early pattern of 1915-16. 
This machine was built to run at 3,200 r.p.m. and had 
an output of 6,500 cub. ft. per minute against a 
pressure of 110 in. of water. At the present time 
most of the machines built are single-stage with over- 
hung impeller as illustrated in Figs. 6 and 7. The 
drawing, Fig. 7, illustrates a blower for a merchant 
steamer. The blower illustrated in the view Fig. 6 is 
similar but actually of smaller size. In this view, on 
the scroll benind the motor, may be seen the lever 
controlling the adjustment of the diffuser vanes. This 
blower unit is designed for a speed of 3,100 r.p.m., at 
which it has an output of 17,600 cub. ft, per minute 
against a pressure of 59 in. of water. In these units 
the driving motor and blower have one common shaft 
provided with two bearings only. The bearing bushes are 
of white metal, with forced lubrication under pressure, 
supplied from the ship’s main oil system. If desired, 
the blower can be provided with an independent 
lubrication system, in which case each bearing is 
furnished with a worm wheel oil pump. The. blower 
rotor is of special high grade steel, and the whole is 
subjected to an over-speed test of 30 per cent. The 
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critical speed of the rotor is always above the normal 
8 


The illustrations show the normal design of Brown, 
Boveri high-speed direct-current motors and their 
compactness will be noted. This had been arrived at 
by particular care in the matter of dimensioning from 
the electrical and magnetic points of view, combined 
with very thorough arrangements for ventilation. 
The complete rotor unit without the blower impeller 
is illustrated in Fig. 5. A powerful double impeller 
draws air through the axial passages of the armature, 
and also through the fixed of the field coils. 
The imp-ller is to be seen in Fig . 5, between the 
armature and commutator. The commutator is built 
up of separate laminations held together by rings which 
are shrunk on. Dovetailing is not suitable for the 
speeds of these motors. At the armature end the 
commutator is shrunk on to the shaft. At the other 
end it is supported by an elastic diaphragm which 
allows of extension when it becomes warm. The 
commutator is designed with air passages and vanes 
to assist in ventilation. Messrs. Brown, Boveri 
guarantee freedom from sparking at the commutator 
under all service conditions. Besides being shunt 
wound for speed regulation, the field system is 
provided with a combined winding to prevent racing. 
The magnet coils are former wound, and can be 
interchanged without dismantling the magnet frame. 

In addition to their use in connection with marine 
Diesel installations, turbo-blowers are also adopted 
for stationary two-stroke engines, in which case they 
are usually driven by a three-phase motor. 





ROYAL METEOROLOGICAL SOCIETY. 

Tue first monthly meeting of this society for the present 
session was held on Wednesday, November 22, at 49, 
Cromwell-road, South Kensington, Dr. C. Chree, F.R.5., 
ar anata being in the chair. The following papers were 

1. Mr. A. H. R. Goldie, M.A., “ Circumstances Deter- 
mining the Distribution of Temperature in the Upper Air 
under Conditions of High and Low Barometric Pressure.” 
Reference was first made to the mathematical treatment 
by Hesselberg of certain aspects of the statistical relation 
between temperature and pressure. An analysis was 
then given of 165 observations of upper air temperature 
made from aeroplanes, data being classified according 
to whether the air was “ equatorial” or “ polar.”” In 
particular it ap that the temperature-pressure 
correlation was higher in equatorial than in polar air ; 
also that at least up to a height of 5 km. there was a very 
real difference of temperature between equatorial and 
polar currents. Examination of certain cases of equa- 
torial above polar air suggested that the main cause of 
increases of pressure in temperate lattitudes was the 
insertion of a wedge of polar air under a widespread 
equatorial current in such a way that at a enaiens a 
height A of equatorial air was replaced i” a height 
h + oh of lar air, the rest of the equatorial current 
being ok by the amount of dh. The changes of 
pressure, temperature and velocity along trajectories of 
polar air appeared to bear this out. A s' tion was 
made as to a hydrodynamical method calculating 
the rate of loss of energy of a polar current working 
in this way. The main conclusions are: (A) That 
in high-pressure systems there would usually be found, 
either (1) a surface layer of polar air and above it equa- 
torial air with the high stratosphere associated with 
low latitudes, or (2) equatorial air all the way up; 
(B) that in low pressure systems there would usually 
found either (1) all polar air and the low stratosphere of 
high latitudes, or aay (2) equatorial air which had 
been “let down’’ by retreating polar air or (3) near the 
centre of cyclones—a mixture of polar and equatorial air. 
These features alone would go far towards explaining 
(1) the absence of correlation between temperature and 

ressure near the surface, (2) the high positive correlatior. 
rom 3 km. to 8 km., (3) the greater height of the strato- 
sphere over high than over low pressure, (4) the negative 
correlation between temperature and pressure in the 
stratosphere. 

2. Rev. José Algué, 8.J., director, Philippine Weather 
Bureau, “ The Manila Typhoon of May 23, 1922.” This 
typhoon, the first of the season, traversed the central 
= of the Philippines in a north-westerly direction on 

ay 20 to 23, the centre having passed practically over 
Manila on the morning of the 23rd. Fortunately, how- 
ever, for the city, the typhoon was here very abnormal 
as far as the winds were not very strong, even when 
the barometer was rising very rapidly after the passing 
of the vortex Hence, Manila missed the worst of the 
storm, and, although the barometric minimum in the 

resent case, 742-3 mm. (29-22 in.), was somewhat 
ower than in the two previous typhoons of August 21, 
1920, and July 4, 1921, yet the damage done was much 
smaller, the maximum velocity of the wind, even in a few 
isolated gusts, having not been higher than 60 m.,p.h. 
While the rate of p of the typhoon between 
Surigao and Maasin was 8 m.p.h. or 9 m.p.h., it decreased 
later to such an extent that from Romblon to Boae the 
storm moved at the rate of only 5-6 m.p.h. When 
nearing Manila, it increased again to about 8 m.p.h. ; 
and from Manila to Iba the rate of progress was even 
greater than 10 miles per hour. According to the 
observations at hand it would seem that the typhoon 
filled up on the 26th in the China Sea, east of Hainan. 

Before the reading of the papers, Sir Napier Shaw, 
F.R.S., gave an account of the work of the Meteorological 
Section of the International Union of and 
Geophysics during the meeting at Rome in May, 1922. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—Recovery has so far been largely 
confined to the trades producing cheap basic iron and 
steel, A more optimistic note is now discernible, 
however, in the special steel sections. Orders, though 
still for small quantities, are coming forward with a 
greater freedom from a wider range of buyers, and 
plant which for long has stood idle is gradually being 
pressed into activity. According to Mr. Arthur Balfour, 
one of Sheffield’s leading steel makers, who has played 
animportant part in attempting to combat foreign tariff 
proposals, prices have nearly reached bottom, and as 
soon as the tendency to rise is noticed orders will come 
in. He forecasts that by this time next year Sheffield will 
be doing a very substantial trade. Slowly the big works 
are turning losses into level accounts, and level accounts, 
says Mr. Balfour, will soon be turned into profits. 
Further pressure is being exerted to expedite the placi: 
of the contracts for the two new battle cruisers. Unt 
this work is put in hand, a considerable reduction in the 
total of unemployed, which still stands at 37,000 for 
Sheffield alone, is not anticipated. Special steel-makers 
report a | r yor from foreign buyers, Business 
has been helped by the low price of alloys, and more 
furnaces have been put into commission to meet the 
extended requirements, An interesti development 
is the commercial production of pre, Hin steel rolls 
for the printing trade, There is also a keen inquiry 
for both malleable stainless iron and steel for building 
construction and for general engineering purposes. In 
the lighter sections, India, Australia and South Africa 
are taking considerable quantities of implements and 
tools, and there is a healthier inquiry for machinery 
parts. An improved demand is anticipated for 1- 
cultural tools and implements as compared with last 
ear. Stocks in many cases have been reduced to a low 
evel, and contract buying is imperative to cover new 
requirements, The market for raw and semi-finished 
materials shows no variation compared with a week ago. 
Steel scrap is attracting considerable attention. Holders 
of depleted stocks are standing out for higher rates for 
contract bookings to cover delivery over the first half 
of next year. 


South Yorkshire Coal Trade.—Though the export 
demand for best steams shows weak patches on account 
of exchange difficulties and loading delays, this is largely 
compensated for by the increased consumption by 
British railway companies. Furnace users are also in 
the market to augment stocks. Cobbles and nuts are 
sharing in the improvement, and slacks are decidedly 
firmer. Despite complaints from merchants that 
the house-coal trade is considerably below the average 
level for this time of the year, collieries are well booked 
forward for best qualities. Blast-furnace coke is easier 
on export account, but the balance of output is easily 
absorbed by home furnaces. Quotations :—Best branch 
handpicked, 32s. 6d. to 34s. 6d. ; Barnsley best Silkstone, 
28s. to 308,; Derbyshire best brights, 24s. to 26s. ; 
Derbyshire best house, 21s. 6d. to 22s. 6d. ; Derbyshire 
best large nuts, 19s. 6d. to 228. 6d.; Derbyshire best 
small nuts, 15s. to 16s. 6d.; Yorkshire hards, 20s. to 
2ls.; Derbyshire hards, 19s. to 20s. 6d. ; rough slacks, 
8s. 6d. to 10s. 6d.; nutty slacks, 7s. 6d. to 8s. 6d 
smalls, 38. to 5s. 
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PowEer Piant Trstine.—In a lecture delivered to 
the South Wales Institute of Engineers, Mr. W. M. 
Selvey deprecated the practice, not uncommon with 
power station engineers, of specifying requirements 
which they have no means of enforcing, owing to the 
impossibility either from lack of plant, or from con- 
siderations of cost, of making the requisite tests. As a 
consequence a contractor may entirely ignore such 
clauses, knowing well that they will never be enforced. 
Another common practice is to specify the performance 
of a generating unit under ideal conditions, which can 
seldom be realised in tho station. In that case, test 
figures have to be adjusted by correction curves. The 
pk pe should, Mr. Selvey claimed, lay down very 
clearly the essential guarantees which should be such as 
to permit of easily determining whether or no the plant 
meets them. In addition to acceptance tests and opera- 
tion tests, Mr. Selvey said, that routine tests should also 
be made periodically in order to ensure that the efficiency 
of the plant is being maintained. For such routine tests, 
— and water meters were sufficiently accurate and 
reliable. 





Mercuant Sxarprrnc Losses.—During the quarter 
ended June 30 last the number and gross to: of 
merchant vessels lost throughout the world were 80 and 
93,715 respectively. The British losses amounted to 
12 vessels and 37,357 tons, the latter figure representing 
0-19 per cent. of the total tonnage owned in this country. 
In the case of the United States, the proportion of 
tonnage lost was 0-16 per cent., the figures for that 
country .being 21 ships with an aggregate gross tonnage 
of 22,908. Proportionally, Greece was the heaviest 
sufferer during the quarter, having lost 3 vessels, making 
6,595 tons together, which constitutes eee | 1 per 
cent. of the total Greek tonnage. ther individual 
losses exceeding 1,000 tons, and given in order of magni- 
tude, are Japan, 6,567 tons; France, 3,845 tons; 
Norway, 2,640 tons; British Dominions, 2,118 tons ; 
and Germany, 1,479 tons. The above are taken 
from the returns just issued by Lloyd’s Register, and they 
include steamers, motor ships and sailing vessels of 
100 gross tons and over, lost from all forms of marine 
casualty, as well as those broken up, condemned, &Xc., 
as a result of damage at sea. Vessels broken up or 
condemned from causes not consequent upon stress of 
weather, &c., are not included. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is not a great deal 
of business passing in Cleveland pig-iron, and, whilst 
producers are very loath to make price concessions, 
customers declare they can satisfy their needs at below 
the recognised market quotations. The weakness is 
chiefly due to the comparative cheapness of iron of other 
districts and the renewal to some extent of Continental 
competition. Makers are offering iron f.o.t. or f.o.b. 
at :—No. 1 and siliceous 97s. 6d.; No. 3 G.M.B. 92s. : 
No. 4 foundry, 87s. 6d.; No. 4 forge, 82s. 6d.; and 
mottled and white, 81s. 


Hematite.—In the East Coast hematite branch the 
re-kindling of two more furnaces increases the number in 
operation to 14. Demand is good, and values are 
inclined to stiffen. Home consumers are coming into 
the market rather freely, and good forward inquiries 
are reported. Whilst there are customers who endeavour 
to purchase at rather less, 93s. 6d. may be given as the 
general quotation for Nos. 1, 2 and 3, and No. 1 is at a 

remium of 948. 6d. At the latter figure substantial 
+ ag alt: Bad business has been put through in 
o. 1. 


Foreign Ore.—Foreign ore continues slow of sale. 
There are sellers of best rubio at 22s. 6d. c.i.f. Tees, 
and of first-rate Mediterranean ores at 21s. c.i.f. 


Blast-Furnace Coke.—There is more demand for 
Durham blast-furnace coke, and a good deal of business is 
stated to have been put through. Quotations vary a 
good deal. Substantial transactions in medium qualities 
are understood to have occurred at a trifle over 29s. 
delivered. 


Manufactured Iron and Steel.—Rather marked change 
for the better is noticeable in several departments of 
finished iron and steel. Inquiries circulating are quite 
numerous, and many of them are large. A good deal of 
constructional work has recently been secured, and there 
is some demand for shipbuilding requisites. The 
following may be given as among the principal market 
quotations :—Common iron bars, 10/. 108. ; iron rivets, 
1ll.; packing iron and steel, 8/.; steel bars, 9/.; steel 
billets (soft), 82. ; steel billets (medium), 8/. 10s. ; steel 
billets (hard), 8/. 158.; steel boiler plates, 12/. 10s. ; 
steel, ship, bridge and tank plates, 9/. to 91. 58.; steel 
angles, 8/. 15s.; steel joists, 9/. 10s.; heavy sections 
of steel rails, 8/. to 8l. 10s.; fish plates, 14/.; black 
sheets, 12/. 





THe Farapay Socrery.—-At the annual general 
meeting held on November 20, the following officers 
and council were elected to serve for the year 1922-23: 
President: Sir Robert Robertson, K.B.E. Past- 
presidents: Sir R. T. Glazebrook, K.C.B.; Sir R. A. 
Hadfield, Bart.; Professor A. W. Porter. Vice-presi- 
dents: Professor C. H. Desch ; Professor F. G. Donnan, 
C.B.E. F.R.8.; Dr. J. A. Harker, F.R.S.; Professor 
T. M. Lowry, C.B.E., F.R.S.; W. Murray Morrison : 
Professor J. R. Partington ; Dr. G. Senter. Treasurer : 
Robert L. Mond. Council: W. R. Bousfield, K.C., 
F.R.S., Cosmo Johns, Dr. R. Lessing, Professor W. C. 
McLewis, Professor J. W. McBain, Dr. H. Moore, C. C. 
Paterson, Dr. J. N. Pring, Professor A. O. Rankine, 
Dr. E. K. Rideal. 





ELEcTRICAL DISTRIBUTION IN FRancE.—The Com- 
mercial Counsellor at Paris reports to the Department of 
Overseas Trade that the French Cabinet adopted on 
October 31 a Bill for promoting, by State advances, 
the development of electrical distribution in country 
districts. Ender this Bill loans for periods up to thirty 
years are grantable by the State to communes, to unions 
of communes and to authorised agricultural associations, 
at the rate of interest of 4 per cent., and these loans 
will be guaranteed by the departments in which the 
organisations are domiciled. he necessary funds for 
making advances will be obtainable from the Caisse des 
Dépéts et Consignations, but in no year may the total 
lent under the scheme exceed 600,000,000 francs. It is 
a stipulation that the advances of the State to any 
recognised organisations are not to exceed the amounts 
raised by such organisations for the same purpose. 





CHARACTERISTICS OF CYLINDRICAL JOURNAL LUBRI- 
caTION.—In a pa read before the —— Society on 
Thursday last week, Dr. T. E. Stanton, F.R.S., described 
the coats of experiments after Osborne Reynolds, on 
the lubrication of cylindrical journals, in which the arc 
of contact of the film was made small and the intensity 
of the load was considerably higher than in usual 
practice; his arc of contact varied between 14 deg. 
and 35 deg., and the maximum intensities of pressure 
ranged from 1-4 tons up to 3-5 tons per square inch. 
The pressure distribution in the film was in all cases 
found to be in accordance with the hydrodynamical 
theory of Reynolds. From a careful determination of 
that pressure distribution and measurement of the radius 
difference of bearing and journal, sufficient data were 
obtained to calculate the viscosity of the lubricant and 
the attitude and eccentricity of the bearing without 
having to integrate the hydrodynamical equation of 
motion. The viscosity values thus deduced were in 
good agreement with the values determined in a visco- 
meter, and it was hence concluded that the ca'culated 
values of the eccentricity, too small for direct measure- 
ments, were reliable. In the case of a journal of 2-5 cm. 
(1 in.) diameter, the least distance apart of the surfaces 
was found to be 0-0012 mm. for thin oils and to increase 





up to 0-0024 mm. for thick lubricants such as castor oil. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—A more hopeful tone prevails in 
the Scottish steel trade this week, but how soon that 
will be transferred into actual business is in the lap of 
the gods. Inquiries still show that quite a lot of material 
is likely to be wanted in the near future, and as soon as 
conditions in general are less obscure a broadening out 
of demand is expected. That, however, is not very 
probable this year, but many quite keen judges anticipate 
a buying movement by the early spring months at any 
rate. Meantime the current demand is very poor and 
mills are running slowly or, rather, intermittently, as 
consumers of ship plates are placing few orders. Sectional 
material.is also los active than it was, but the outlook 
is rather better inclined. There has been little change 
in the position of black steel sheets, and although fair 
lots have been going foreign the home demand is not 
good. Galvanised sorts are better. Prices all round 
are without change except in the case of boiler plates 
which have marked a reduction of 10s. per ton this 
week, for home delivery. The new price is now 12/. 
per ton, delivered Glasgow stations, which is 40s. under 
the top price of the year. 


Malleable Iron Trade.—The malleable iron trade of 
the West of Scotland is still moving along very slowly, 
and the more immediate outlook is not very cheering. 
The demand is small, both on home and export account, 
and inquiries are also not very numerous. Prices are 
without change over the week. 


Scottish Pig-Iron Trade.—The position in the Scottish 
pig-iron trade shows no change, and although fair 
quantities are being turned over, the activity of the past 
few weeks is not being approached now. Many of the 
overseas’ customers have completed their requirements, 
and inquiries for fresh lots are conspicuous by their 
absence. Hematite is like foundry grades—slow of 
sale. The tendency of prices all round is easier, but 
these show no appreciable change from last week. 


Scottish Pig-Iron Shipments.—The total amount of 
Scottish pig-iron shipped from Glasgow Harbour for 
the week ending last Saturday, November 25, was 
5,001 tons, of which 4,876 tons went abroad. For the 
corresponding week last year export was only 310 tons, 
all of which, except 64 tons, went abroad. For this year 
to date the shipments have totalled 93,854 tons, of 
which 86,119 tons have gone overseas. 


The Locomotive Trade.—The prospects in the loco- 
motive industry in Scotland are a little better of late, 
and the announcement of one or two fresh orders is 
quite cheering. Messrs. William Beardmore and Co., 
Limited, have secured orders for five heavy and powerful 
locomotives of the Mallet articulated t; for service 
on the Burmese Railways. These will all be built at the 
firm’s Dalmuir works. Some other contracts for the 
Far East are pending, but there are prospects of these 
orders being booked by Glasgow builders. 





THE LATE Mr. Jonn D’ AETH.—We regret to have to 
record the death, which occurred on November 21, at 
24, Dale-road, Purley, of Mr. John D’Aeth, I.8.0., late 
Assistant Director of Public Works, Jamaica. Mr. 
D’Aeth was born on August 10, 1853; he received his 
education at King’s College, London. On leaving King’s 
College, at the age of 20, he was given an appointment on 
the staff of the Public Works Department, Jamaica. He 
served as District Engineer in different parts of the 
island, supervising the making of mountain roads, and 
was ultimately—in 1902—promoted Assistant Director 
of Public Works, a position he occupied until his retire- 
ment in 1914. He was mentioned in despatches for the 
services he rendered on relief works following upon the 
hurricane in Jamaica, in 1903, he was mentioned in 
despatches, and received the 1.8.0. in 1910. Mr. D’Aeth 
became a member of the Institution of Civil Engineers in 
April, 1896. 





Exastic anD Faticue Liutts or MeTats.—A meeting 
of the Birmingham Metallurgical Society was held at the 
Chamber of Commerce on the evening of Thursday, 
the 9th ult., when Professor R. P. Haigh, of Greenwich 
Naval College, delivered a lecture on the elastic and 
fatigue limits in metals, the president of the society, 
Mr. A. J. G. Smout, being in the chair. In the course 
of his remarks Professor Haigh pointed out that the 
ultimate tensile test still remained the most serviceable 
proving test for metals and the one used as the basis for 
calculations in most engineers’ designing offices. Since 
failure in practice, however, seldom arose from lack of 
tensile strength, the designer must rely on other tests 
to indicate how the elastic and fatigue limits were related 
to the ultimate strength. By the means of diagrams 
Dr. Haigh analysed a wide variety of experimental 
results eee the elastic limit varied when stresses 
act in more one direction at the same time, and 
brought forward a hypothesis based on thermodynamic 

rinciples applied to the theory of vitreous strain. 

eferring to the fati limit the showed how 
modern research hel’ denensten that this can be 
expressed as a more or less definite percentage of the 
tensile strength, and that fracture under fatigue only 
occurred when the stresses exceeded this percentage. The 
important effect of corrosion as a means of accelerating 
the rate of fatigue in metals was demonstrated. The 
bearing of the various theories propounded on actual 
failures in —_— cases was indicated in a practical 
manner and lecture was fully illustrated with lantern 
slides and diagrams showing typical fractures, test 
machines, and the conclusions of experimental research. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The coal market has developed a 
much firmer tone, and prices are now about 6d. to le. 

r ton higher than they were at the close of last week. 

he collieries are well supplied with shipping, and there 
has been a steady influx of orders with the result that 
most of the undertakings producing steam and bituminous 
coals are fully stemmed for large over the next week or 
ten days, and in some cases up till the end of the year. 
The bulk of the business placed, however, does not 
represent new trade, but in many cases constitutes the 
lifting of contract supplies by exporters shipping to the 
coaling depots and South America in particular, The 
firmer tone of the markets has, however, not been 
without its influence in bringing on buyers who were 
hesitating in the expectation of securing cheap parcels. 
Best Admiralty large is now firm at 28s. to 28s. 6d., with 
seconds round 27s. 6d. Best dry large is firm at 28s. 6d. 
to 29s., and ordinaries rule round 28s, Monmouthshires, 
too, are much firmer and difficult to secure. For the 
range of Black Veins and Western Valleys, 26s. is 
demanded and 6d. extra for either alone, while Eastern 
Valley large is round 25s. 6d. In most cases sellers of 
Monmouthshires refuse to dispose of large unless a 
proportion of small is also taken. Cokes are also firm 
at 37s. 6d. to 42s. 6d. at oven inland, and f.o.b. for 
export. Shipments of coal as o last week amounted 
to 493,000 tons, or 60,000 tons less than in the pre- 
ceding week. A noteworthy feature of the returns 
was the fact that for the first week since the Sore | 
of August last nothing was despatched to the Uni 
States to which country to date 1,293,000 tons has been 
exported. 

Shipbuilding Contracts.—The Graig Shipping Company, 
Limited, Cardiff, has placed a contract with the Govan 
Shipbuilding Company, Limited, Govan, Glasgow, for 
a 7,000-ton steamer with delivery in August-September 
next at a cost of about 60,000/. The Anglesea Shipping 
Company, Cardiff, has also contracted with Richardson, 
Duck and Co., Stockton-on-Tees, for an 88,000-tonner, 
delivery July-August next, and another Cardiff company 
has ordered three 9,000-tonners from the same builders. 


Iron and Steel.—There has been a slackening in the 
demand for tin plates, due to a fall in the price of block 
tin and expectations of lower values for plates. The 
general inquiry, however, remains fairly active and prices 
are steadily upheld at 19s. 6d. to 198. 9d. per box. Terne 

lates are in good request, especially heavy ga’ » and 
_ these 108. over the minimum has been conceded, but 
odd sizes are steady for home requirements at 19s. 6d. 
There was a reduction in the volume of exports last week, 
In all 10,318 tons of iron and steel goods were aieed, 
compared with 17,082 tons in the previous week. i 
ments of black plates totalled 1,565 tons, against 2,301 
tons; tin plates 5,409 tons, against 7,945 tons; gal- 
vanised sheets 1,375 tons, against 2,613 tons; and iron 
and steel 1,968 tons, against 4,228 tons. The reduction 
in respect to tin plates amounted to 2,536 tons, galvanised 
sheets to 1,238 tons, black plates 736 tons, and in the 
heavier grades of iron and steel to 2,254 tons, 





Prersonat.—Mr. Geor; W. Martin, consult’ 
engineer, states that his London address is now Sentine 
House, Southampton-row, W.C. 1; his other address is 
33, Arran-road, Catford, 8.E. 6.—The Consolidated 
Pneumatic Tool Company, Limited, inform us that owing 
to the expiry of their lease their pneumatic and electric 
repair shops and show rooms have been removed from 
Petty France-street, Westminster, to 23a, Bramber-road, 
West Kensington, W. 14, to which address all goods, 
or machines sent for repair, should be forwarded. There 
will be no change in the address of the head offices of the 
firm. 





MoLYBDENUM AND CreRIuM ALtLoy Sreets.—In the 
study of molybdenum and cerium alloy steels being 
made at the Ithaca, New York, field office of the United 
States Bureau of Mines, endurance tests are being made 
on bars taken both with and across the direction of 
rolling. The relationship between endurance and tensile 
strength (or hardness) which holds fairly closely for 
longitudinal bars does not hold nearly as well for trans- 
verse bars. The endurance of transverse bars is lower 
than that of longitudinal ones, and the amount by which 
it is lower ap to depend primarily on the type, size, 
number and distribution of the non-metallic inclusions 








American Motor Spraeir Srectrications,—The Inter- 
departmental Petroleum Specifications Committee an- 
nounces that its — atiagee => of the United — 

ifications for eum products was approv y 
the Federal Speciheasions Board on October 31. The 
one outstanding change in the specifications is in 
motor gasoline, the initial Lge being lowered 
to 55 deg. C. (131 deg. F.), and the :90 cent. 
point raised to 200 deg. C. (392 deg. F.). hen the 
specification for motor gasoline was last amended in 
1919, it was hoped that the specification would be 
satisfactory for at least two years. It has actually 
been in effect three years, and improvements in 
the refinery practice in this period have indicated 
that the specification could be modified to advan ‘ 
This has ingly been done. The specification for 
domestic aviation gasoline has been modified to allow 
the use of cracked gasoline in cases where the material 
is to be used within three months. A corrosion test has 
been substituted for the doctor test in the specification 


for mineral spirits. Grade 2 of Liberty aero and motor- 
cycle oil has been dropped as this oil is not being pur- 
c at the present time. A few minor changes have 


been made in some of the other specifications 


NOTICES OF MEETINGS. 


Tae InstirvTIon oF MECHANICAL ENGINEERS.— 
Friday, December 1 at 6 p.m. Dr. T. E. Stanton C.B.E., 
F.R.S. (Member of Council), will deliver the Thomas 
Hawkesley Lecture, the subject being “‘ Some Recent 
Researches on Lubrication.” The lecture will be repeated 
in Manchester, December 7; Leeds, December 8; and 
Birmingham, December 13. Friday, December 8, at 
7 p.m. Informal Meeting. Lecture (with Cinemato- 
graph demonstration), on ‘“‘The Manufacture of Solid- 
Drawn Steel Tubes and Their Jointing,” by Engineer- 
Captain J. A. Richards, R.N. 


Tae Instirvtion or Locomotive ENGINEERS. 
(Lonpon): Mancurster Centre.—Friday, December 1 
at 7 p.m., at the Coll of Technology, Manchester, 
when a discussion on “Some Details of Locomotive 
Practice’ will be opened by Mr. K. W. Smith, Member. 


Tae Junior InstiruTion or EnGinerrs.—Friday, 
December 1, at 7.30 p.m., at 39, Victoria-street. 
Lecturette, ‘‘ Machines Used in Magnetic Separation,” 
by Mr. H. G. Brown, Member. Friday, December 8, at 
7.30 p.m, Lecturette, “‘The Michell Thrust Bearing,” 
by Mr. J. Ward, B.Sc., illustrated by slides and 
exhibits. 

Tue InstITUTE oF TRANSPORT.—Monday, December 4, 
at 5.30 p.m., in the Lecture Theatre of the Institution 
of Electrical Engineers, Victoria Embankment, W.C. 2, 
a paper will be read on “ Passe Transport by Road 
in Rural Areas,” by Mr. 8. E. e. 


Tue InstiruTion or Crvi. Encingrrs: N&woastie- 
upon-TyNnE AssociaTion.—Monday, December 4, at 
7.30 p.m., at the Lecture Theatre, Neville Hall, Newcastle- 
upon-Tyne, a paper will be read on “‘ Some Aqueducts 
and Their Construction,” by Mr. J. E. Parker, 
Assoc.M.Inst.C.E. 


Tue Royat Society or Arts.—Monday, December 4, 
at 8 p.m. : Cantor Lecture, “‘ Brown Coals and Lignites,”’ 
by Mr. William Arthur Bone, D.S8c., Ph.D., F.R.S8., 
Professor of Chemical Technology, Imperial College of 
Science and Technology, South Kensington. (Lecture II.) 
Tuesday, December 5, at 4.30 p.m.: Dominions and 
Colonies Section, “ British North Borneo,” by Major 
Owen Rutter, F.R.G.S., F.R.A.I. (With Cinematograph 
Illustrations.) Mr. Edward Dent, M.A., Vice-President, 
Court of Directors, British North Borneo Company, will 

reside. Wednesday, December 6, at 8 p.m.: Ordinary 

eeting, ‘‘ Recent Developments in the Manufacture of 
Safes and Strong Rooms,” by Mr. H. Emory Chubb. 
(With Cinematograph Illustrations.) Mr. Laurence 
Currie, M.A., J.P., will preside. 


Tae InstirvuTion or Crvm Enoinerers.—Tuesday, 
December 5, at 6 we eo! to be submitted for dis- 
cussion: “‘ oo ming of the Floor, &c., of the Forth 
Bridge,” by Mr. William Alexander Fraser, M.Inst.C.E. 
And ot for new members. 

Tue Instirvure oF Merats: Brrumincuam Locat 








Sectton.—Tuesday, December 5, at 7 p.m., in the 
Chamber of © . New-street. P, on “ Some 
Notes on Casting 70 : 30 Brass,” by Mr. R. J. Redding. 


Tue Institution oF Brirish FounDRYMEN: LaNoa- 
SHIRE Brancu, BurNLEY SxoTion.—Wednesday, Decem- 
ber 6, at 7.15 p.m., in the Municipal College, Ormerod. 
road, Burnley, Mr. R. McLaren, of Padiham, will open 
a discussion on “ The Camber of Castings.” 


Tae InstrzvTion or Ramway S1enat EnGiIngers 
(INCORPORATED ).—Wednesday, December 6, at 3 p.m., 
at the Institution of Electrical Engineers, Victoria 
Embankment, when a paper entitled ‘ Intermediate 
nao mama will be read by Mr. C. Carslake, 
Member. 


Tue NorrsampTron Enorvererinec Cottece Ener. 
EERING Socrery.—W ednesday, December 6, at 5.30 p.m., 
at the College, when Captain D. Richardson, R.A.F., 
will read a paper on “‘ Oxy-Acetylene Welding.” 


Tue InstirvuTIon oF ELEcTRICAL ENGINEERS: WIRE- 
Less Sect7on Meretinc.—Wednesday, December 6, at 
6 p.m. “A Direct-Reading Thermionic Voltmet 
Its Applications,” by Mr. E. B, Moullin. 


Tae Iwnstirurion or Exectrican ENGIngERs.— 
Thursday, December 7, at 6 p.m. “The Possibilities 
of Transmission by Underground Cables at 100,000 
Volts to 150,000 Volts,”” by Mr. A. M. Taylor, Member. 


Tae Mrptanp Instirore or Minine, Civm anp 
MecuanicaL Enoinerers.—Thursday, December 7, at 
2.15 p.m., at the Queen’s Hotel, Leeds, when the following 

pers will be read: “‘ Notes on Compressed Air,”’ by 

. D. H. Currer-Briggs, M.A. (Oxon.). The following 
paper will be = for discussion : ‘ Methods of Working 
the Barnsley m of the South Yorkshire Coalfield, 
by Lieutenant-Colonel H. and Mr. M. Rhodes. 


Tae Instrrvre or Metats: Sa#erritp Looan 
Sxotion.—Friday, December 8, at 7.30 p.m., in the 
Mappin Hall of the University, St. Geo f+ eee 
Paper on “‘ Cobalt,’’ by Mr. W. R. Barclay, 0.B.E. 


Norrs-East Coast InstiruTrion oF ENGINEERS AND 
Surpsvitpers.—Friday, December 8, at 7.30 p.m. “ Note 
on the ntation of Ship Model Experiment Data,”’ ‘by 


rese 
Mr. E. v. Tel » M.Sec., Assoc. Member. 








Nava APPOINTMENT.——Engineer Rear-Admiral W. C. 
Sanders, D.S.0., has been appointed Chief Engineer on 
the Technical and Administrative Staff of the Commander- 
in-Chief at the Nore, in succession to Engineer Rear- 
Admiral A. R. Emdin, C.M.Q 
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EXHIBITS AT THE CYCLE AND MOTOR-CYCLE SHOW. 


(For Description, see Page 683.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.Cc. 2. 


We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TgLecRaPuic } “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 


_ TauErsons _Numpxns—3663 and 8598 GERRARD. 





SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom .................... £ 56 0 
For Oanada— 
Thin paper copies 6 
Thick paper copies 0 
For all other io abroad— 
paper copies £3 3 0 
Thick paper copies £3 7 6 





Foreign and oe subscribers receiving incom- 
plete copies through ts are requested to 
communicate the an to ie blisher, together with 
the agent’s name and address. 

When foreign svbecriptions are sent b 
Orders, advice sho should be sent to the Pu 
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ADVERTISEMENT RATES. 


for advertisements classified under the 

oy - Open, Situations Wanted, 
Testes keo., four shillings for the first four lines 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12¢. per 
inch, Payment must ame my all orders for single 
advertisements, otherwise r insertion cannot 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
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THE BOILER PROBLEM. 

Wurst the last few decades have witnessed 
revolutionary changes in the construction of prime 
movers, no corresponding innovation has been 
made in the design and construction of boilers. 
The water-tube boiler has no doubt become 
increasingly prominent during late years, but the 
type is very old, and its development has followed 
the line of reform rather than of revolution. The 
materials available have steadily improved in 
quality, and capacities have been greatly increased, 
but the general characteristics have remained un- 
altered, and no new principles have come into 
general use. Just before the outbreak of the war 
there did seem a possibility of new developments. 
Remarkable results had been obtained with surface 
combustion, and a large installation of boilers 
operated on this principle was in contemplation 
for a Belgian steel works, but German greed and 
German vanity proved fatal to this adventure as 
it did to so many other promising enterprises. 
To-day the water-tube boiler reigns supreme in 
power station practice, and large as are the units 
now obtainable as compared with practice at the 
beginning of the century there is still a most striking 
disparity between the proportions of the turbine 
room and the boiler house of a power station. 

At the River Rouge works of the Ford Company 
as much as 276,000 lb. of steam per hour have 
been generated in one boiler, but even so, nearly 
three such units working at this maximum, and 
possibly highly uneconomical output, would be 
required to supply existing steam turbine units, 
and the latter, moreover, unlike an overdriven 
boiler are highly economical even at over load. 
At one time the recognised economic rating of 
water-tube boilers was about 34 lb. of steam per 
square foot of heating surface, but in the test at 
the River Rouge Plant the output was nearly three 
times this figure. 

Generally speaking, high boiler outputs imply 
a low efficiency, and it would not be surprising if 
in the foregoing ease, the efficiency corresponding 
to maximum output was under 60 per cent. Even 
lower figures were obtained in the experiments of 
Professor Goss on locomotive boilers when forced 
to their utmost capacity. Under present conditions 
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of indifference than it used to be, ‘and more care is 
being taken to secure reliable figures as to the actual 
fuel consumption per unit generated. Guess work 
has prevailed largely in the past, but to-day the 
number of station engineers who record carefully 
the actual weight of coal fired per shift is increasing, 
since the difficulties of making a fair comparison of 
shift with shift have been largely eliminated by 
the plan of plotting total coal per shift against 
total output per shift which was introduced by 
Mr. R. H. Parsons at the Edmonton (Canada) 
power station. The ample data thus recorded may 
be expected to materially improve boiler room 
practice. As indicative of the margin available 
for improvement the records of a large British 
power station are interesting. In two years the 
year and year out boiler efficiency of the station 
was raised from 78 per cent. to 86 per cent. Pos- 
sibly these figures are not absolute, since they are 
based not on actual measurement of the feed, but 
on estimates of the steam rate per kilowatt hour, 
but as both figures were obtained in the same way, 
the relative values should be trustworthy, particu- 
larly as it is the practice to run this station at as 
constant a load as possible. Moreover, since a 
large proportion of these boilers are fired with gas, 
changes of load need involve very little waste of 
steam, as has been very conclusively established 
in the Navy with oil-fired boilers. A destroyer 
running at over 30 knots can be brought to a stop 
for half an hour, and started up again at full speed 
within a few minutes with the loss of hardly a 
pound of steam. With coal firing the stoppage 
would have set the safety valves roaring, the fuel 
already on the grate constituting a kind of reservoir 
of heat which is non-existent in the case of gas or 
oil-fired furnaces. 

The water-tube boiler first made its way into 
power station practice for much the same reasons 
that led to its adoption by the navy. It was not 
more efficient than the internally fired boiler, and 
the latter could at economical ratings generate 
more steam per square foot of heating surface, but 
they contained much less heating surface per cubic 
foot occupied, and would have required far larger 
boiler houses than the rival type, whilst as naval 
experience showed, they stood forcing badly. 

There appears to be a fairly definite economical 
limit to the quantity of coal that can be consumed 
per square foot of grate area. This limit with 
ordinary types of boiler seems to be about 25 lb. per 
square foot. In the case of an internally-fired 
boiler, the grate area constitutes only a small 
fraction of the total floor area occupied, whilst with 
certain types of water tube boiler almost the whole 
of the floor area may be available for the grate. 
Floor area is expensive, but the air is free, and it is 
thus economical to obtain the requisite heating 
surface by increasing the boiler height, whilst so 
far as is practicable dedicating the floor area wholly 
to the grate. Ultimately we may expect to see this 
ideal nearly completely realised. 

The increasing necessity for economising coal has 
tended to popularise the plan of preheating the air 
entering the furnaces. The idea is, of course, not 
new, and has been used at sea for very many years. 
Until recently, however, it made little headway 
on land, but is now coming into favour. Its intro- 
duction here, however, has in some cases led to 
trouble. Preheating the air implies a higher furnace 
temperature, and where firebrick constructions are 
embodied in such furnaces the hotter fire has at 
times led to rapid destruction. Types of furnaces 
from which brickwork is eliminated are therefore 
likely to become increasingly popular. 

High furnace temperatures have an advantage 
in that they increase the effectiveness of the fire- 
box surfaces, which absorb heat mainly by radiation. 
Energy interchanges which occur in the form of 
heat are proportional to the temperature difference 
between the two bodies involved, but the inter- 
change of radiant energy between two bodies 
depends not on the temperature difference but on 
the difference between the fourth powers of the 
absolute temperatures. As a consequence, whilst 
with a flame temperature of 3,000 deg. F. absolute 
a fire-box might absorb heat at the rate of nearly 
130,000 B.Th.U. per square foot, this figure would 
fall to less than one-third were the temperature 
lowered to 2,000 deg. F. absolute. In actual 
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practice as much as 50 Ib. of steam have been 
evaporated per square foot of heating surface in 
the fire-box of a locomotive boiler, and this would 
seem to indicate that the effective temperature 
inside the box was somewhere about 2,500 
absolute Fahrenheit degrees, which is much below 
the temperature attained in gas engine cylinders. 
A fire-box is not, however, filled with flame in the 
same way as is the cylinder of an internal-com- 
bustion engine, and the effective radiating area is 
far from definite, 

Tt is interesting to note how practical experience 
has led engineers to designs of boilers which appear 
highly rational from the standpoint of modern 
theory, although those who originated them had 
what would now be considered but rudimentary 
ideas on the subject of heat transfer. In the loco- 
motive boiler for example, and in the ordinary 
marine boiler, we have a roomy fire-box or com- 
bustion chamber, in which temperatures are high, 
whilst the gas velocities over the heating surfaces 
are small, and in these conditions energy is trans- 
ferred from the flame to the plating mainly by 
radiation. As the temperature falls radiation 
becomes less effective, and the transfer in the tubes 
is accordingly due to conduction and convec- 
tion, the gases passing over the flue surfaces at 
fairly high velocities. The higher this velocity the 
greater is the rate of heat transfer, and in the case 
of water cooled blast-furnace tuyeres some 200,000 
B.Th.U. per square foot per hour is transformed, 
the gas being at a temperature of 1,500 deg. F., 
or more, and the speed of efflux in excess of 1,000 ft. 
asecond., To attain an equal rate of heat transfer by 
radiation would involve temperatures approaching 
3,500 deg. F. absolute, but there is one important 
distinction between the two conditions. High gas 
velocities involve a large expenditure of power, and 
whilst it cannot be questioned that higher flue 
velocities would enable heating surfaces to be 
reduced, it has not been shown that the saving 
effected would be sufficient to compensate for the 
power expended in producing these higher speeds. 
Nevertheless, engineers will hardly remain satisfied 
with the existing disproportion between the steam 
generating and the steam-using plant. In one way 
or another a higher output per square foot of heat- 
ing surface should be attainable. Indeed, had fuel 
prices remained at pre-war figures it seems probable 
that this end would have been achieved even at some 
sacrifice of fuel economy by forcing boilers beyond 
their economical limit. To-day high prices restrain 
the adoption of such an expedient, and some other 
way out must be sought. The difficulty lies solely 
in getting the heat into the plating. With pure 
water such as is now used for the make-up in some 
modern power stations, no troubles are to be ex- 
pected on the water side of the plating, even if, 
as in the surface combustion boiler, some 70 Ib. of 
water were evaporated per square foot of heating 
surface. 











BROWN COALS AND LIGNITES. 

THE importance of the large deposits of lignitic 
coals within the British Empire can hardly be 
exaggerated, and Professor W. A. Bone, rightly, 
we think, emphasised their significance to the 
future well-being and industrial progress of the 
people of our race in the course of the first of his 
three lectures on these fuels delivered on Monday 
last at the Royal Society of Arts. Other lands, 
notably Germany and the United States of America, 
have large deposits of lignites, and have done some- 
thing to develop their use. The magnitude of 
British Colonial deposits has prompted the in- 
auguration of research work which promises to be 
of immediate economic benefit to the British 
Dominions. 

The relationship of these fuels to the others in 
the wood-coal series, in properties and characteristics 
places them between peat and the bituminous coals. 
Their large water content, and their tendency to 
disintegrate on drying, make their transportation in 
the raw state to industrial districts a matter involv- 
ing considerable difficulties. The calorific value, 
even after drying, is low, and they yield larger pro- 
portions of volatiles than the bituminous coals. 
From the standpoint of steam production, the 
presence of a high percentage of water makes con- 








tinuous and rapid combustion difficult without the 
use of completely redesigned combustion chambers 
in the boilers, while for carbonising, the driving off 
of large quantities of moisture introduces difficul- 
ties, not only in the fundamental process, but 
also in the recovery of tars and light oils from the 
steam-laden gas leaving the retorts. Cheapness in 
their winning is greatly in their favour, and with 
suitable preliminary heating they may be converted 
into much more efficient steam-raising and gas- 
making fuels than would be supposed from the 
knowledge we have of their native characteristics. 
The factor of cheapness is so considerable that 
profitable generation of power may be carried out 
at the place where the lignite is found and 
transmitted to large cities and industrial areas as 
electricity. 

We have referred previously to the scheme of the 
Victoria Electricity Commissioners to utilise the 
large beds of lignitic coal in the Morwell dis- 
trict in Australia (see ENGINEERING, February 27, 
1920, and March 3, 1922). The borings made by 
the Victorian Government showed layers of brown 
coal of varying thickness and separated by thin 
layers of mineral deposits. In the bore to a depth 
of 1,000 ft. it was found that two-thirds was lignite 
deposits. This lignite is to be won by the open 
cut system, and operations have commenced on an 
area of about 1 mile square. Already the top layer 
of lignite has been reached over the major part of 
the area, and houses have been erected for the 
increasing population. It is estimated that the 
fuel can be obtained at a cost of about 2s. 3d. at 
the coalfield. To carry this to Melbourne, quite 
apart from the question of deterioration, would add 
considerably to the cost, and 7s. 9d. per ton is spoken 
of as the probable cost of the fuel delivered at the 
city. With effective utilisation of the fuel at Morwell 
the expected cost per unit, with a power factor of 
43 per cent., is calculated to be about 0-24d. 

That progress is being made on this work was 
evidenced by the photographs shown by Professor 
Bone of the preliminary clearing by steam shovels 
of the material that lies over the lignite, and 
also of the foundations of the power station. 
These recent views were supplied to Professor 
Bone by the Australian Government. The power 
station is to be capable of accommodating 
plant having a total capacity of 100,000 kw., 
but the first installation will consist of four 
Metropolitan - Vickers turbo - generators of 12,500 
kw. each and running at 3,000 r.p.m. The house 
set for excitation and other station purposes 
will be a 800-kw. unit. The electricity is to be 
transmitted at 132,000 volts to Newport, near Mel- 
bourne, where the pressure will be reduced to 
20,000 volts for distribution to sub-stations, when it 
will be further reduced before delivery to con- 
sumers. It is satisfactory to note that British firms 
have obtained the major part of the work of con- 
structing this installation, for, in addition to the 
Metropolitan-Vickers contract, the boilers are to be 
supplied: by Messrs. John Thompson, Limited, of 
Welverhampton, and the structural steel work by 
Messrs. Redpath, Brown and Co., Limited, Edin- 
burgh. 

As well as producing power and transmitting it 
electrically, a scheme of heat-treating the fuel and 
briquetting the product is to be introduced to supply 
cheap fuel for industrial and domestic purposes in 
Melbourne and elsewhere in Victoria. The com- 
pletion of the scheme will be regarded as permanent 
evidence of the value of the research work carried 
on at the Imperial College by Professor Bone, and 
of the ability of British engineers to provide solu- 
tions of the problems connected with the application 
of such work to practical purposes. 





THE ECONOMIC SITUATION IN GREECE. 

Tue effects, temporary and permanent, of the 
attempts made by the Greek Government to 
stabilise the exchanges between themselves and the 
countries they trade with, rightly finds prominence 
in the “ Report of the Industrial and Economic 
Situation in Greece, to April, 1922,” which has 
been prepared for the Department of Overseas 
Trade by Mr. E. C. D. Rawlins, the Commercial 
Secretary to H.M. Legation at Athens. 

The drachma has fallen in value continuously 





from the beginning of the period reviewed. At the 
beginning of the year 1921 the pound sterling was 
equivalent to 47-80 drachmz, which reached 99-25 
at the end of that year, and is now over 300. In 
May, 1921, when it was rumoured that the Greek 
Government intended to introduce legislation to 
stabilise the drachma by restricting the dealings 
and instituting a scheme by which legal transactions 
could only be carried out through the medium of 
certain banks, the market became panic stricken 
and the drachma fell to one-half of its value in two 
days. .The enactment establishing this system, 
known as the Law of the Syndicate of Banks or 
“Consortium,” was passed on May 29, 1921, old 
style (June 11 in our calendar). Unofficial deals 
still take place and are profitable to those who are 
prepared to face the penalties of the law, as there 
are frequently discrepancies between the official 
and unofiicial rates of as much as 20 per cent. 

The partial realisation of the aims of those who 
framed the ‘Consortium’ scheme, after the 
disastrous temporary actions were over, produced 
a very anomalous state of affairs in the commercial 
world. As the “‘ Consortium ” banks did not dispose 
of sufficient exchange to meet the requirements of 
foreign trade, contracts were difficult to make, and 
the Greek trader found he could not purchase 
sufficient exchange to remit in payment for goods. 
The effects were disastrous to any trading that 
was otherwise possible. This action is reminiscent 
of other interferences on the part of Governments in 
affairs of finance, industry and trade, which had 
results equally to be regretted. The effects upon 
credit were marked and many British traders, 
especially in the textile industry, have had to incur 
considerable losses, through the failure of the Greek 
merchants to take delivery of goods already sent 
out. The improvements the Greeks looked for in 
the rate of exchange failed to materialise, and the 
consequent bankruptcies or the necessary re- 
adjustments in price to save the buyers, made such 
transactions the source of considerable losses to 
British merchants. 

Forced loans and heavy income taxes, amounting 
to 60 per cent. on incomes over the equivalent of 
2,5001. are in operation to meet the stressed financial 
conditions of the Government. 

Britain had about one-quarter of the total foreign 
trade of Greece in 1920, but at the present time the 
rates of exchange favour trading with countries 
such as Germany and Belgium, where the exchange 
is. low. These two countries are supplying the 
major part of the orders for steel plates, joists and 
other rolled steel. Germany supplies practically all 
the oil and gas engines and has the major part of 
the trade in motor cars. British goods in these 
markets in Greece are about 120 per cent. dearer 
than the German articles, and although they are 
preferred, because of their sturdiness and reliability, 
the disparity in price rules them quite out of con- 
sideration. The engineering workshops, shipyards 
and foundries which total some 140 to 150 altogether, 
are mostly engaged on repair work and the manu- 
facture of spare parts, and their annual production 
does not amount in value to much more than 
about a quarter of a million sterling. 

There is little progress to report in the repair 
and construction of roads and railways although 
there is great necessity for improvements. It is 
intended shortly to call for tenders for the con- 
struction of the remaining gap of about 25 miles 
at the most difficult part, in the Cretan road from 
Candia to Rethymo. Financial difficulties have 
delayed the grant of contracts for the construction 
of many public works, such as the reconstruction of 
the Port of Pirzeus and improvements at the Harbour 
at Patras, but a contract has been signed with a 
British concern to construct the Candia Harbour 
works. It is anticipated that the successful 
execution of this contract will do much to increase 
the number of public works contracts placed in 
British hands. Water supply and hydro-electric 
schemes at Canea have been held up owing to the 
condition of the financial market. A British firm 
has undertaken the Salonica drainage works, but 
the reconstruction of the town has been held up 
till better times come. Irrigation schemes in 
Peloponneus, Thessaly and Macedonia are at 
present under consideration. Tenders were invited 
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for a new telephone installation at Athens, but here 
again, the state of the money market has held up the 
grant of contracts. 





THE CYCLE AND MOTOR-CYCLE SHOW. 
THE ordinary push bicycle is so much standardised 
in design, and produced by processes common to 
all manufacturers that it is really necessary to be a 
salesman to appreciate the subtle advantages that 
may be claimed for any given make. The time 
for shows devoted to such products must surely 
have passed. The minimum amount of material 
is used in their construction, and all the problems 
connected with its distribution in the machine have 
been settled long ago by experimental work of the 
character where smaller and smaller sections have 
been used in turn until the limit has been reached. 
That such machines are reliable, and that they are 
soundly constructed for the work they have to 
perform surely no one will dispute. These machines 
have served a great purpose in being the basis of 
the much more interesting proposition, from an 
engineers’ standpoint, the production of the ideal 
motor-cycle, built for the load it should carry, and 
with an equipment of engine and gear so reliable 
and so suitably proportioned and related to each 
other, as to make its use possible under all the 
conditions under which an ordinary cycle or motor 
car could be employed. It is this, the major, 
part of the Cycle and Motor-Cycle Show which was 
opened at Olympia on Saturday, November 25, and 
closes to-morrow, which appeals to the visitor. 

Pleasure touring is the major use to which motor 
cycles have been put, and they have to stand pretty 
rough handling in that service, but perhaps more 
so in the process, so dear to the heart of motor 
cyclists, which may be called tinkering. That there 
is some variety apparent in the ideas of designers of 
these machines is borne out by a visit to this 
wonderful show. Small air-cooled engines of the 
two-stroke and of the four-stroke cycles are to be 
seen on almost all motor-cycles, but with variations 
in design of the components which indicate clearly 
the endeavours made to get easy running, improved 
combustion and increased power. Two-cylinder 
engines with horizontally-opposed pistons and others 
with an angle of about 45 deg. between their centre 
lines, and four-cylinder engines, all contribute to 
the variety of designs. Water-cooling and oil- 
cooling systems have been adopted by some makers 
in preference to the usual gilled cylinders using air 
cooling. The frame constructions vary but little, 
but the Phelon and Moore, as well as the all-steel 
construction of the Beardmore-Precision, show 
deviations that are of great interest. In the 
Phelon and Moore cycle the engine forms a member 
in the frame, and in the Beardmore-Precision the 
usual practice, of building the frame of steel tube 
brazed to malleable iron fittings, is departed from 
to the extent that the construction is made up 
of steel pressings and tubes welded together. 
Efficient springing is a characteristic of this and 
other models. 

There are but few examples of the cycle car, the 
intermediary between the motor-cycle and the 
motor car, but those shown have many interesting 
features. The design of a cheap, reliable vehicle 
of this character is a question of how far one can 
depart from the orthodox ideas of car design to 
produce a light, but serviceable runabout. 

Motor cycles must nowadays be regarded as 
providing a means of transport, but the provision 
of such changes, as will ensure such protection from 
exposure as is necessary in inclement weather, 
seems still to be regarded as a small consideration 
with the producers. The tendency shown at the 
Motor Car Show of the attempt made to produce 
the all-weather machine is not seen to any extent 
in the motor-cycle world. 

An engine working on the two-stroke cycle 
which is in such extensive use that an output of 
over 100 engines each day is required to meet the 
demand, is manufactured by the Villiers Engineering 
Company, Limited, of Wolverhampton. Three 
models of the engine are constructed, having 
cylinder volumes of approximately 150 cub. cm., 
250 cub. em. and 350 cub. cm., of which the inter- 
mediate size is in greatest use and is illustrated in 
Figs. 1, 2 and 3, on page 680. 





The cylinder, which is provided with gills not 
only round the barrel but also over the head, is 
fixed to the crank-case with four studs. Crank-case 
compression, to raise the pressure of the incoming 
mixture, is used, and the gases are delivered to the 
cylinder through a transfer pipe system, which is a 
part of the main cylinder casting, to ports cut in 
the cylinder wall which are shown under the piston 
in Fig. 2. A compression release valve, for use in 
starting the engine, is fitted into the head of the 
cylinder, and this spring-held valve is provided 
with a valve seat separate from the main casting, 
but held in place in it by a screwed cover. The 
lever for the actuation of the release valve is clearly 
shown in Fig. 1, as well as the outlet pipe passing 
through the radiating gills on the cylinder wall 
tothe exhaust pipe. A deflector of the characteristic 
form to facilitate the exhaust of the burnt gases, 
and the admission of the new charge is indi- 
cated by broken lines in the part-section side 
view of the engine, Fig. 1, and the form of 
the piston otherwise is clearly shown in the section. 
The pressed steel connecting rod is provided with 
a bushed end which encircles the gudgeon pin 
and a roller bearing at the other end, which com- 
municates the motion to the crank-pin. The crank- 
shaft is in two parts, each solid with one arm of 
the crank, and to an extension of which is riveted 
a balance weight. The drawing Fig. 2 shows 
the construction used for driving from the crank- 
shaft by a pulley for a belt in the top half, and by 
a chain and sprockets below. Lubrication is 
effected in a quite ingenious manner. The oil is 
fed through an inlet pipe to the back of the crank- 
case casting and is carried by connections to the 
long plain bearings. When there is a partial 
vacuum produced in the crank-case, the suction 
action is used to draw the oil through the longi- 
tudinal groove in the bush and so distribute it 
over the bearing surface. The small radial hole 
registers with the oil groove at only those times 
when there is suction available and is out of con- 
nection with the oiling system entirely at other 
periods. 

A magneto of the flywheel generator type is 
fitted. The magnet rotates with the stamped 
brass flywheel and the primary and secondary 
windings, as well as the contact breaker, are 
mounted on the stationary armature plate. The 
interruption is effected by motion from a cam 
on the crankshaft, and the advance and retard 
of the ignition are obtained by turning the armature 
plate through the required angle by means of a 
hand lever. Auxiliary coils have now been fitted 
to the magneto armature to provide alternating 
current for use in head and rear lamps. The 
current produced is a low-tension one, and judging 
from the demonstration on the stand must be very 
effective. A dry battery is used to provide the 
power for lighting while the engine is stopped. 
A simple plate clutch has been designed to fit on 
the end of the engine crankshaft which makes use 
of six pairs of steel and bronze plates. 

The smaller and larger units are of similar design, 
except that in the 150 c.c. engine, a common 
method of lubricating with small engines, namely, 
mixing the oil with the fuel, is adopted in place of 
the means above described. 

An engine of good design and of considerable 
power, making use of the four-stroke cycle of 
operation, provides a contrast to the small engine 
described. The M.A.G. engine of 9 h.p., shown 
by the M.A.G. Engine Company, Limited, of 
Willesden Junction, London, has two cylinders 
with an angle of about 45 deg. between them. 
The valves are of the opposed type. Each overhead 
inlet valve is operated from a rocker arm, which 
receives its motion from a push rod sitting on the 
adjustable valve tappet and enclosed within a 
brass tube. The rocker arms are enclosed in an oil 
bath which communicates through a tube with 
the crank-case, which has proven a satisfactory 
method of ensuring the automatic lubrication of 
the rockers, inlet valve stems and tappets. The 
camshaft is machined out of one piece of special 
steel. The magneto is fitted to a bracket which is 
a part of the crank-case casting and is driven by 
chains enclosed within an aluminium housing. 
A recently-introduced change in the details of this 





engine is the provision of two oil pumps which are 
driven by eccentrics and have oscillating valves. 
All in these engines are made to standard, 
and an effective system of coded classification of the 
various components facilitates the obtaining of 

ments with little loss of time. This engine 
is one of the types of engine fitted to the Matchless 
cycles which have earned a good reputation for 
reliability. 

The sleeve valve engine, manufactured by Messrs. 
Barr and Stroud, Glasgow, seems to ve in extensive 
use in many makes of cycles, besides those made 
by the same firm. The single sleeve valve with its 
combined reciprocating and turning movement has 
found application in petrol engines for all purposes, 
and the latest of its applications, to the motor-cycle 
engine, promises to be its largest use. 

The pioneers in welded frame construction, 
Messrs. F. E. Baker, Limited, of King’s Norton, 
Birmingham, have many models in which both fixed 
and spring frames are fitted. The illustrations, 
Figs. 4 to 7, on page 680, show the nature of the 
design and the details of construction. 

In the illustration of a complete frame, Fig. 5, 
the relationship of the parts, their assembly and the 
manner of arranging the springing are depicted. 
Two steel pressings with ends shaped to receive the 
tubes are assembled, and all are welded together 
by the gas process. By the use of the tank so formed 
of 14-gauge plate, the two cross-bars of the usual 
frame, above and below the tank, are eliminated, 
the compression and tension stresses they resist 
being borne by the tank. The other tubes and 
components are brazed or welded to each other, 
which forms a very sturdy structure. The tool-box 
is made one with the mudguard of the back wheel by 
the same processes, The spring supports of the 
frame in the illustration consists of two laminated 
springs held in association at right angles to one 
another for the front, and one of the long flat type 
for the back. The crank-case of the engine and 
the gear-box form the connecting link in the bottom 
part of the frame. When a small engine is in use, 
such as in the model fitted with the 2}-h.p. Beard- 
more-Precision, or Barr and Stroud engine, a bottom 
bracket acts as part of this connecting link. The 
manner in which the parts of this bracket are 
associated and welded are shown in Fig. 7, which 
illustrates how simple pressings may be associated 
to obtain lightness combined with the requisite 
stiffness and strength wherever they may be 
required. 

A side-car chassis also made entirely of steel 
is illustrated in Fig. 4. In this construction the 
ample use of springs to ensure comfortable travel 
is one of the essential features. A spring acts as an 
intermediary between the back connection of the 
cycle and the side car, and the body of the car is 
mounted on flat bars supported by four curved 
springs of the C shape. 

The Beardmore-Precision engines are of 4} h.p., 
34 h.p. and 2? h.p., working on the four-stroke 
cycle. The smallest cycle is also supplied with the 
Barr and Stroud sleeve valve engine. In the 
various models the engine base and gear-box are 
incorporated within the same casting, but access 
to either unit is possible without interfering with the 
other. The engines made by Messrs. F. E. Baker, 
have detachable heads, which are held in position 
with four bolts. The pistons are made of cast-iron 
and provided with the gudgeon pin floating in 
phosphor-bronze bushes, end play within which is 
prevented by the use of brass end caps. Drop- 
forged connecting rods made of nickel-chrome 
steel the motion to the crankshaft through 
a double-row roller bearing at the big end. The 
valves, of the mushroom type, are placed side by 
side, and being made to the same standards are 
interchangeable. Separate inlet and exhaust cams 
operate adjustable tappets to carry the motion 
through to the valves. A decompression cam is 
fitted on the exhaust-valve operating gear, and is 
controlled by foot movement and used to facilitate 
starting. There is a large space available for 
carrying oil in the engine base, and arrangements 
are fitted to provide automatic and continuous 
distribution of the lubricant. The circulation is 
effected by means of a sliding vane type of pump 
which delivers it to a pocket at the top of the 
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timing gear cover. From this point the oil passes 
through a regulating needle valve and a non-return 
valve, and on to the crank-case, where it is available 
for the ordinary splash lubrication process. 


(To be continued.) 





‘+, PRIVATE BILLS IN PARLIAMENT. 

“He who will not when he may, when he would, 
shall meet a nay,” is an old saying the truth of 
which is well exemplified in the Private Bill pro- 
gramme for the ensuing session which is of meagre 
proportions and with one exception of exceedingly 
little interest. Twenty-five years ago the November 
gazettes were at least three times as bulky as they 
are to-day, but during the first decade of the century 
one of our great political parties adopted whole- 
heartedly certain doctrines of the Fabian Society, 
and by rejecting for purely political reasons highly 
meritorious and valuable proposals for the develop- 
ment of our national resources, had so discouraged 
enterprise that private bill proposals had shrunk to 
a mere fraction of what they had been in previous 
years. Now all parties are anxious to reduce 
unemployment by encouraging enterprise, but cheap 
capital is no longer forthcoming. 


Rattways, TRaAMWAYS AND TROLLEY LINEs. 

The railway companies have been very fully 
occupied with the negotiations attending the 
amalgamations, which for good or evil, have been 
forced on them by Parliament. Hence even had it 
been possible for them to raise money on easy 
terms, it is not likely that any of them would have 
brought forward any very ambitious scheme this 
session. The most important proposals are those 
of the London Electric Railways, which were 
described in our last issue. The main line com- 
panies are for the most part merely seeking sanction 
for such widenings as are specially urgent. The 
North Eastern Company are proposing to construct 
about 34 miles of new line in the Selby area, presum- 
ably colliery branches, and also about a mile of 
new line at Hull, and three-quarters of a mile at 
Stockton. There will also be bridge widenings at 
Stockton and at Blyth. The Midland Company 
propose to widen their Derby to Leeds branch for a 
distance of about 3} miles at Warmfield, near 
Wakefield. Another widening proposed is one of 
about 2} miles at Bromsgrove, Birmingham. Near 
Winchester the London and South Western Railway 
intend to widen their main line for a distance of over 
2 miles. The Great Western Railway are seeking 
powers to construct a loop to their Colwall tunnel, 
near Malvern, whilst the Dover Harbour Board 
propose to construct some new dock lines. 

Little tramway work is in prospect for which the 
public should be grateful. It is estimated that a 
five-minute tramway service reduces the traffic- 
carrying capacity of a street by some 50 per cent. 
Just as Falstaff was not merely witty in himself but 
a cause of wit in others, so the ponderous tramcar 
is both a direct and an indirect obstruction to 
traffic. No private undertaking is seeking sanction 
for constructing new lines, but the Potteries Electric 
Traction Company are promoting a preposterous 
bill, having as its objectthe prevention of competi- 
tion with their undertaking by motor "buses. It is 
unlikely that the present Parliament will accede to 
such an arrogant demand, although one of its 
predecessors did pass an equally mischievous and 
irrational measure, to prevent the supply of elec- 
tricity from distant sources by cables laid along the 
railway lines. A certain amount of new work is 
proposed at Birkenhead, Leicester, Nottingham, 
Plymouth and Rochdale, but ‘on the other hand the 
L.C.C. seek an extension of time for the construc- 
tion of lines along Mare-street and Well-street 
already authorised, and a similar course is being 
taken by the Staleybridge, Hyde, Mosley and 
Dukinfield Electricity Board. The Teeside Railless 
Traction Board seek powers to extend their system 
to Eston-square, and the Maidstone Corporation 
have a scheme for a trolley service from the South 
Eastern station to Penenden Heath. 


Water SUPPLY. 
The drought of last year seems to have alarmed 
water authorities in several parts of the country, 
and numerous new impounding reservoirs are pro- 


posed. The Corporation of Wakefield is seeking 
powers to construct new catchwater drains on Rish- 
worth Moor and an impounding reservoir near 
Oxygrain bridge. The new works will take in the 
headwaters of Green Withens Clough, Rag Sapling 
Clough and the River Ryburn. The Corporations 
of Oldham and Rochdale propose to acquire a 
number of reservoirs belonging to the Rochdale 
Canal Company. The reservoirs in question are the 
Blackstone Edge, the Whiteholme, Light Hazzles, 
Warland, Hollingworth, the Higher and the Lower 
Cheldon reservoirs, and the Easterley Gaddings 
dam. These proposals will apparently conflict with 
a scheme promoted by the Morley Corporation, who 
are seeking powers for the construction of a new 
reservoir between the aforementioned Light Hazzles 
and Whiteholme reservoirs. The scheme includes 
the construction of catchwater drains to impound 
water from the Withens Clough and its tributaries ; 
from the Torvin Clough and its tributaries; and 
from the River Ryburn, to which, as mentioned 
above, the Wakefield Corporation is also laying a 
claim. The Corporation of Warrington is promoting 
a scheme for the construction of two impounding 
reservoirs on the River Ceiriog at Llansilin and Glyn 
Traian, in Denbighshire. The Barnsley Corporation 
propose to augment their existing supplies by con- 
structing a new impounding reservoir across the 
Scout Dike, near its junction with Maze Brook. An 
impounding reservoir on the River Avon, near 
Kilworth and Welford, to hold 250,000,000 gallons, 
is proposed by the Corporation of Rugby. The 
Corporation of Macclesfield intend to build a new 
reservoir on Bollin Brook and to construct a catch- 
water drain connecting this with the Nessil stream ; 
a second catchwater will convey supplies from the 
Tipclose stream to the Corporation’s existing Ridge- 
gate reservoir. An enlargement of their existing 
Burrator reservoir is proposed by the Corporation of 
Plymouth, All the above impounding works will, 
of course, imply a proportionate amount of work of 
a subsidiary character in the shape of conduits, 
break pressure tanks, service reservoirs filters. 

The Southend Waterworks Company seek powers 
for a new impounding reservoir on the Blackwater 
at Langford, together with a new pumping station 
at Witham, and the Corporation of Chelmsford have 
plans for a new in-take from the River Chelmer, 
together with a new pumping stftion. A new well 
and pumping station at Winterbourne is proposed 
by the West Gloucestershire Water Company. 

Proposals for a new service reservoir at Colwick 
are put forward by the Corporation of Nottingham, 
and the Colne Waterworks Company have plans for 
a new intake from the River Marden. 


Docks AND HaRBOURS. 

In the English Gazette the most interesting pro- 
posal is the plan for tranferring Swansea Harbour 
to the Great Western Railway. The London and 
South Western Railway are seeking powers to con- 
struct a new floating dry dock at Southampton. It 
is to be hoped that this will be of sufficient capacity 
to render it unnecessary to send such large vessels 
as the Majestic abroad when an overhaul is re- 
quired, as is unfortunately the case at the present 
time. Most of the dock Bills, including that pro- 
moted by the Port of London Authority, are princi- 
pally concerned with proposed increases in dues, 
and in the same connection it may be noted that 
the Corporation of Bridgwater are finding it neces- 
sary to augment their contribution to harbour ex- 
penses. Messrs. Lever Bros. are seeking powers to 
construct a new dock at Bromborough, with an area 
of about 37 acres. 

ELECTRICITY. 

There are very few requests for provisional orders, 
which are demanded only for Billingham (near 
Stockton), Chadderton, Mold and Oakham. An 
important proposal is brought forward by a new 
company to acquire the Metropolitan generating 
stations and main transmission lines. No doubt 
considerable economies could thus be effected, as 
much pioneering work was done in London, with 
the result that many generating stations are badly 
located. Not a few have to use cooling towers for 
their condensing water, a procedure which is against 
public polity as being exceedingly wasteful of fuel. 
Unfortunately Parliament has allowed Birmingham 





to introduce this pernicious system on an extremely 





large scale. The Bill promoted by the Shropshire 
Worcestershire and Staffordshire Electric Power 
Company includes a proposal for the construction 
of a conveyor et Stourport which will be about 
1 mile long. 

Gas. 

With one highly important exception the gas 
Bills are without interest. This exception is 
promoted by the South Staffordshire Mond Gas 
Company and will authorise this undertaking to 
supply gas for illuminating and domestic purposes. 
The late Sir William Siemens estimated that, could 
gas be supplied at a rate equivalent to ls. per 
1,000 ft. of ordinary lighting gas, other methods of 
domestic heating would be superseded, to the very 
great benefit of our towns in the matter of greater 
cleanliness and purer air. Mond gas as originally 
supplied was not suitable for illuminating purposes, 
as it contained a somewhat high percentage of 
carbonic acid gas. The company moreover was not 
at the outset anxious to improve things in this 
regard, since even as matters stood, they met with 
strenuous opposition from short-sighted public 
authorities who had speculated in gas manufacture. 
Recently the whole character of Mond gas has been 
altered. Originally some 2} tons of steam were 
passed through the producer for each ton of coal 
gasified, and of this a large proportion went to 
waste, carrying off with it much heat. Some 
135,000 cub. ft. of gas were produced per ton of 
coal burnt, the net calorific value being 140 B.Th.U. 
per cubic foot. By changes in the working the 
quantity of steam passed through the producer has 
been reduced to 1 ton per ton of coal gasified, and 
the calorific value of the gas has been raised to 
178 B.Th.U. per cubic foot, and the amount of CO, 
present has been reduced to 8-3 per cent. With 
these changes the gas becomes suitable for other 
than manufacturing purposes, and should the com- 
pany’s Bill go through, the fortunate inhabitants 
of the area of supply will be provided with a cheap 
and cleanly fuel. Some serious opposition may be 
expected, particularly from doctors, very few of 
whom are in the habit of thinking scientifically, but, 
like the lawyers, prefer a priori reasoning, and will 
therefore, in spite of American experience, declare 
that the gas contains too high a percentage of carbon 
monoxide to be safe. Actually the content is less 
than has long been admitted in gas supplied for 
domestic uses in America without any disastrous 
results. Possibly it may be advisable to require 
the company to superintend fittings, since domestic 
brasswork in this country commonly leaves much 
to be desired. 

MISCELLANEOUS. 


The London County Council are taking the 
unusual step of promoting a Bill to enable them to 
waive certain provisions of the London Building 
Act of 1909 so far as it applies to steel frame struc- 
tures. Generally public officials are disinclined to 
assume responsibilities of this kind, but prefer to 
have fixed rules with which they can enforce literal 
compliance irrespective of special or exceptional 
conditions. 

The Essex County Council are promoting a Bill 
authorising the construction of a new bridge across 
the River Roding at Barking. 


(To be continued.) 





INSTITUTION OF MECHANICAL 
ENGINEERS. 

Aw extra general meeting of the above Institution 
was held on Friday last, the 24th ult., at Storey’s 
Gate, Westminster, the chair being occupied for the 
first part of the proceedings, by the President, 
Dr. H. S. Hele-Shaw, and later by Mr. Richard W. 
Allen, the President having to attend a special 
function elsewhere. 


Arm CoMPRESSORS. 


It will be remembered that at the summer meeting 
of the Institution, in Paris, Mr. William Reavell, of 
Ipswich, read a paper on “ Air Compressors,” the 
discussion of which was adjourned. This paper 
we reprinted in full in our issue of June 23 last 
(page 782). Since then Mr. Reavell had prepared, 
by way of supplement, a “ Note on Testing.” This 
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was¥read jat the’meeting'on Friday last, and is 
reprinted on page 690 of our issue of this week. 

The chairman (Mr. R. W. Allen), in opening the 
discussion, said he thought the ‘* Note on Testing ” 
had greatly strengthened the original paper. Mr. 
Reavell’s paper clearly indicated the path of design 
from the reciprocating type of compressor to the 
opposed piston type and the turbine type. The 
advances made in the production of materials had 
made the rotary air compressor possible. This was 
a result of war experience, particularly in the 
direction of chrome steels. He (Mr. Allen) had 
spent some years in measuring low-pressure air up to 
6 in., or thereabouts, and had always found difficulty. 
He felt, in this connection, that it was essential to 
agree upon some method of measuring. The method 
of air measurement suggested by the author would, 
he hoped, be adopted, and improved, by the 
National Physical Laboratory, and become a 
standardised method for high-pressure air. 

Mr. A. Bailey, of the National Physical Labora- 
tory, spoke first in the discussion. The National 
Physical Laboratory had been engaged on the 
measurement of flow of air for the past twenty 
years, using as the standard method the Pitot tube, 
which they regarded as a very adaptable instrument. 
A piece of hypodermic tubing, bent and placed in 
the path of stream, would, with the aid of a 
sensitive manometer, measure the total head of any 
point in the stream. In 1911, it was proved, at 
the National Physical Laboratory, that the differ- 
ence between the total head, measured by the Pitot 
tube, and the static pressure of the air, point to 
the fact that you can accurately obtain the value 
4pV2; so that, knowing the density of the air, 
velocity could be accurately calculated. At the 
National Physical Laboratory there had been no 
experience with the nozzle described in the paper. 
Tests had been made there on flow meters operated 
by means of nozzles, but such tests were of the meter, 
not the nozzle. He understood, however, that 
nozzles presented various difficulties. He believed, 
for instance, it had not been definitely decided 
where the pressure points should be placed. From 
the diagrams given, apparently in one case one was 
on the face of the plate facing up-stream, and one 
facing down-stream, while in another illustration, 
they appeared some little distance away from the 
flange in the side of the pipe. Again, there was the 
question of variation of coefficient. This, he 
assumed, would, as Mr. Reavell mentioned, depend 
on the thickness of the plate, and, in accordance 
with Dr. Stanton’s paper of 1913, before the Royal 
Society, it should depend on the velocity with which 
the air passed through the plate. 

At the suggestion of Mr. E. R. Dolby, Mr. Bailey 
explained briefly the method of measuring low 
rates of flow of air by the use of the hot-wire anemo- 
meter. He pointed out that this anemometer was 
designed years ago by King and Manley and 
Professor Morris of the East London College. A 
platinum wire was used, heated by means of a 
current to a certain temperature above the atmo- 
sphere (still air), the resistance being measured by 
the aid of a Wheatstone bridge. With a slow 
current of air passing over it the wire was cooled, 
and the resistance changed, this change being 
detected by the Wheatstone bridge. The instru- 
ment was very delicate, and would measure rates 
of flow down to half a foot per second, quite 
accurately. An instrument on a somewhat similar 
system had been used by Mr. Bailey, but for deter- 
mining the direction of flow. In this, a loop formed 
of one stout wire and one fine wire were placed in 
the current of air and slowly turned. The zone was 
determined over which the stout wire protected the 
fine one and allowed the temperature of the latter 
to rise, thus indicating the direction of the air 
current. 

Mr. R. L. Quertier, who followed, said that in the 
compressor it was a case of building up, but in 
the steam engine, of letting down. In the steam 
engine mechanically-operated admission and exhaust 
valves were used, whereas with the compressor, 
automatic valves could be employed. Some ten 
years ago compressor makers used piston valves 
to admit air into the cylinder, or else some form of 
mechanically operated valve. Now, however, with 
one or two exceptions, they used a plate valve or 





some form of automatically-operated valve for 
suction, which appeared a reasonable thing to do. 
The piston valve had to be driven by some 
mechanism, and, this absorbed power. It was found 
that the amount of power used to drive the piston 
valve was virtually equal to the amount of loss due 
to the use of the automatic valve. He believed 
that the model which Mr. Reavell had exhibited 
i.e., showing the gudgeon-operated valve, was the 
only one that had persisted right through, the 
reason being that with the gudgeon valve part of 
the actual mechanism of the compressor was used 
to control suction; consequently a mechanically- 
operated valve could be used to fill the cylinder, 
and, because no further parts were introduced, 
there was no added friction. 

Mr. H. Hearle spoke on the subject of having 
some form of standard nozzle and standard formula 
whereby air or gas could be quantitatively measured. 
For such things as weights, lengths, areas, volumes, 
there existed standards; yet in measuring air or 
gas it was difficult to get at the truth. Mr. Reavell 
had dealt with two systems, the static using a 
receiver and the dynamic employing a restriction 
in a pipe. Considering the difficulty of getting 
accurate results, it was amazing that the test by 
receiver had persisted so long. It was almost 
impossible to ascertain the exact volume of air in 
a receiver, and he was therefore glad that the author 
had emphasised the nozzle method, which was more 
scientific and accurate. We were behind the 
Germans in not having a standard nozzle or fixed 
regulations and rules for making tests. If the air 
were compressed and a charging test made, and the 
bottle were quickly blown and charged again, the 
compressor would be found to have meanwhile 
improved, giving 3 per cent. to 5 per cent. more 
air. That could not be done with a nozzle or 
diaphragm. He looked forward to some authori- 
tative body in this country providing some form of 
nozzle, and a formula to be used therewith, which 
would be recognised as an engineering standard. 
The specification would have to lay down the exact 
proportions, i.e., bore of orifice, diameter of pipe, 
length of straight pipe in front and behind, with 
particulars of the manometer to be used, the limits 
of pressure drop within which the apparatus should 
be worked, and the connections and so on. The 
nozzles used should be exact replicas of the standard 
and ought to be tested, say, by the National Physical 
Laboratory. 

Captain H. Riall Sankey was glad to hear the 
Pitot tube was not approved of. He proposed to 
the council that the Institution of Mechanical 
Engineers should, collaborating with the National 
Physical Laboratory, be the authority for standard- 
ising the nozzle and the nozzle test. 

Mr. G. T. Gillespy said he thought there was a 
wide field for a simple receiver test, using only 
simple instruments to be found in works, such as a 
pressure gauge, revolutions counter, and stop watch. 
There were many air compressors in use which were 







een oe een oe oe ee ee 


; 








7607) 


working very inefficiently. If they could be tested 
with reasonable accuracy under normal working con- 
ditions, useful information would be obtained from 
which improvements in the working of the machines 
could be planned. If the receiver and its connec- 
tions were absolutely tight, a thermometer could be 
dispensed with in a way he would indicate. The 
curve connecting the rise of pressure in a receiver 
being filled by an air compressor and the number 


of strokes from starting of the compressor (or time 
in seconds, if the revolutions per minute are uniform) 
was a straight line, as shown in the accompanying 
diagram, if the volumetric efficiency of the com- 
pressor were unity or some other constant value, and 
assuming isothermal conditions in the receiver. 
The efficiency, however, of a compressor invariably 
decreased as the delivery pressure rose. Whether 
there was clearance or not there would, in practice, 
be a fall in efficiency, and the rise in pressure in the 
receiver would be along a curve as shown in the 


In conducting a receiver test, observations should 
be made of the revolutions from starting and of the 
pressure in the receiver. These were plotted as 
abscisse and ordinates respectively. The test was 
stopped, when the maximum safe pressure in the 
receiver was reached. Ordinarily, the efficiency of 
the compressor was calculated from the quantity of 
free air forced into the receiver throughout the 
period from atmospheric pressure to the final 
pressure. As this efficiency was the average over the 
whole range of pressure and not the efficiency at any 
particular pressure, it was valueless as an indication 
of the performance of a compressor at the normal or 
working pressure. This information could, however, 
be obtained from the curve. If it be required to 
know the efficiency of the compressor at any pressure 
p, it might be obtained from the formula : 


E= a x ép 
Poq an 
where E = volumetric efficiency of the compressor. 
= capacity of receiver. 
po= atmospheric pressure. 
q = swept volume of cylinder, 
p = pressure in the receiver at any instant. 


n number of strokes from starting. 


If the tangent be drawn to the curve at the point p, 
making an angle with the zero pressure line, 


a? _ tan 0. 
dn 


Therefore to find the volumetric efficiency of the 
compressor at any specified delivery pressure the 
rule was: Draw a tangent to the curve at the 
desired point to cut the zero pressure line, find the 
tangent of the angle it makes with this line (i.e., 
perpendicular -+- base in the proper units). Multiply 
this quantity by the capacity of the receiver and 
divide by the product of the swept volume of the 
cylinder and the atmospheric pressure. 

If the receiver be tight, some correction might be 
made for rise in temperature of the air in it by 
allowing the pressure to fall by cooling the air—on 
the final pressure being reached—till the reduced 
pressure was approximately steady. This point 
should be plotted immediately below the highest 
point of the curve, and another curve drawn by 
swinging the template about the lowest point till it 
cut the new point (see dotted curve on figure), using 
the new curve for the calculation of volumetric 
efficiency. Cooling, however, was very slow, and 
the results of this correction might be vitiated by 
leakage. 

Mr. E. R. Dolby said the author had rightly laid 
stress on the cooling of the compressed air as nearly 
as possible down to the temperature of the free 
air if the best efficiency was to be attained. He 
would suggest that an evaporative condenser would 
give good results, of the type in which the air pipes 
in a container would be subjected to spray from 
nozzles. The spray nozzles were of the ordinary 
kind, such as were used for humidifying air, and so 
on. These nozzles created a mist, which settled upon 
the tubes in thin films, the films being subsequently 
vaporised by the heat of the air. 

Mr. G. Copping desired to call attention to the 
fact that, since last May, a committee, which 
consisted of representatives of several prominent 
fan makers, and members from the Admiralty and 
from the Office of Works, had been sitting to con- 
sider the standardisation of methods of testing for 
both low-pressure and high-pressure fans. It had 
struck him that the committee would gain in 
importance if they could induce some persons 
concerned with air compressors to become members 
of it, so that all purposes connected with the use of 
air would come into the scheme of standardisation. 
The investigation had been initiated by the Institu- 





tion of Ventilating and Heating Engineers, who, 
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he was confident, would be only too to see 
interest shown in the matter by the Institution of 
Mechanical Engineers. 

Mr. Oxlin wished to point out, referring to the 
previous speaker’s remarks, that low-pressure fans 
or blowers called for altogether different methods of 
testing from those required for blowers and com- 
pressors worked at high pressure. Considering the 
air capacity low-pressure blowers and large fans 
moving 100,000 cub. ft. to 200,000 cub. ft. of a‘> 
per minute, it would seem impossible to apply to 
them the methods of testing air compressors. 
In measuring such large quantities by the Pitot tube 
it would be found that the disturbances in the 
discharged air would be so great as to render reliable 
reading difficult. It would probably be better to 
take the necessary measurements on the inlet side, 
where a steadier flow prevailed. Probably the 
Pitot tube would be the best method of measuring 
large quantities of air on the inlet side of such fans. 

Mr. E. T. Vincent proposed to confine his remarks 
to the type of compressor used for injection purposes 
in Diesel Engines. The engine proper had, he 
thought, outstripped the air compressor from the 
point of view of reliability. A great number of 
the accidents and breakdowns that occurred were 
due to the air compressor, and were attributable 
to the excessive temperature used in compression. 
The air compressor on each engine of a ship was 
generally capable of supplying sufficient air to 
operate both engines. This, it was claimed, pro- 
vided for any eventuality that might occur, but, 
in his opinion, it almost ensured that an accident 
would take place. Most of these compressors were 
designed to give, at their full load, more or less equal 
distribution of work throughout the stages. If the 
compressor were designed for double the quantity 
of air with which it normally had to deal, when it 
was throttled down, excessive compression ratios 
would be thrown into the high-pressure stage. 

In the following typical figures for a three-stage 
compressor he had assumed the air to be cooled 
between successive stages to its initial temperature. 
That would be approximately correct, but when 
running throttled the high temperatures reached 
would undoubtedly raise the initial temperature 
in the high-pressure cylinder, making the final 
temperature very much greater than the figures 
given. The clearance volumes were those one 
would expect in practice. The table gave the 
figures for compression ratio and temperature of 
delivery both on full load and throttled to three- 
quarters, and the difference in the high-pressure 
stage was clearly marked. 


Com- 
pression 


| 

| Tempera- 
Ratio. 

' 


ture of 
Delivery. 


Clearance | 
} Volume. 
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per cent. | 
Low - pressure cylinder, | 
full-load conditions wd 41 

Low ~- pressure __ cylinder, 


| 340 
pr 
throttled conditions 4 | 3-9 
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Intermediate cylinder, full- 
load conditions .. = 5 
Intermediate cylinder, 
throttled conditions a8 5 4-1 
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High - pressui cylinder, 
| 

} 
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340 

340 
re 

full-load conditions 4-1 


High - pressure cylinder, 
throttled conditions 


340 
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The 100 deg. rise in the high-pressure cylinder was 
the minimum rise. He therefore considered that it 
would be much better to arrange the compressors so 
that they worked at the load at which they had to 
operate in practice ; this would give a much more 
reliable machine. If the clearance volume of the 
intermediate and low-pressure cylinders were 
increased, there would be considerable gain in 
reliability. The following figures gave the case 
of such a machine, with the ratio of compression 
and final temperatures when running throttled 
down to three-quarters :— 








eset | L.P. | LP. H.P. 
Clearance volume .. 5 4 15-0 30-0 
Com ratio throttled 4:3 5-1 4-9 
Final temperature .. w 351 390 381 














This virtually halved the rise. Very high tempera- 
tures tended to lubricating oil carbonising and 





risked explosions. The compressor should be 
designed for equal work distribution at the load at 
which it normally operated. 

Mr. William Reavell, in reply to the discussion, 
said he had not heard Mr. Gillespy’s method of 
testing efficiency proposed before; it wanted 
careful consideration. He had neither heard of, 
nor tried, Mr. Dolby’s evaporative coolers in con- 
nection with air compressors ; the idea was new, he 
believed, and deserved reflection. He could not 
quite see how, by spraying water on the pipes, it 
was possible to get in the cooler the full effect which 
was obtainable with the counter current method, 
with which the air finally left at practically the 
temperature of the inlet water. He had been 
delighted to hear what Mr. Vincent had said. 
He had himself read a paper last winter before the 
North-East Coast Institution of Engineers and 
Shipbuilders, in which he had dealt fully with 
compressors for Diesel-engined ships. There was 
no question of the absolute correctness of Mr. 
Vincent’s theory. The proportions adopted for 
compressors for Diesel engines were entirely wrong. 
They were selected to give “ample margin of 
safety,” and it was quite correct to say that this 
was introducing great risks. The arrangement of 
clearances was one way of dealing with the question. 
It seemed to him that the proper way was to make 
the main compressor of adequate size to do the work 
when the ship was in deep water, and when navi- 
gating shallow waters—which occupied an extremely 
small portion of the time the ship was in service— 
to use the auxiliary compressor. He wished to 
express his satisfaction with the timely suggestion 
of Captain Sankey. If a properly calibrated nozzle 
were tested, standardised and adopted—one which 
did not involve difficult calculations—it would be 
possible to test compressors by measuring the flow 
of air in a simple way, and to feel sure that the 
results were almost exact. 

The chairman closed the proceedings by announc- 
ing that Dr. T. Stanton would deliver the Thomas 
Hawksley lecture to-day, at 6 p.m., the subject being 
** Some Recent Research on Lubrication.”’ Further, 
that on Friday, December 8, there would be an 
informal meeting at 7 p.m., the subject of discussion 
being the manufacture of solid drawn steel tubes 
and their jointing, on which subject a lecture would 
be delivered and a demonstration made by 
Engineer-Captain J. Richards, R.N. 








THE LONDON WIRELESS BROAD- 
CASTING STATION. 

ALTOUGH sufficient time has not yet elapsed 
for the development of its full possibilities; the 
regular broadcasting by wireless telephony of news, 
music and other material of general interest has 


-|now been commenced from three separate stations 


in this country, viz., those in London, Manchester 
and Birmingham, and as these installations may 
be taken as representative of the most recent 
advances in wireless telephony of moderately high 
power, some particulars of the apparatus used at 
one of the stations will doubtless be acceptable to 
our readers. We propose, therefore, briefly to 
describe the London station, which we are able to 
do with the aid of technical information supplied 
to us by Mr. R. H. White, M.I.E.E., M.I-R.E., an 
engineer of the Marconi Company. 

The station, which has been assigned the call 
letters 2 LO, is situated at Marconi House, Strand, 
London, and is licensed to use a power of 14 kw. 
This is, of course, ample to enable the telephony, 
which is now transmitted on a wave-length of 
369 m., to be picked up on the simplest possible 
apparatus throughout the whole of the Greater 
London area. The normal working range for 
reception on a two-valve receiving set is con- 
servatively given as 75 miles, although satisfactory 
reception with a single valve has been reported 
from a station as far distant as Lerwick, in the 
Shetland Islands, the distance covered in this case 
being 550 miles. 

At the London station, power is taken from the 
Supply Company’s mains in the form of continuous 
current at a pressure of 200 volts; two separate 
supplies are actually available, since connection 
can be made to the London theatre supply mains 
as well as to the ordinary distributing network. 





The direct current is taken through a switchboard to 
a 10-h.p. continuous-current motor which is directly 
coupled to a 6-kw. single-phase high-frequency 
alternator generating current at 500 volts and 
300 cycles. This set, which is in duplicate, provides 
ample margin to allow for any increase in power 
which may be authorised at some future date ; 
the power of 14 kw. previously mentioned represents 
the energy at present supplied to the oscillation 
valve. Both sets are placed in the basement and 
are operated from the wireless room at the top of 
the building by remote-control automatic starters. 
The alternating current from either of these sets is 
supplied to the primary of a 6-kw. transformer (also 
duplicated) in the wireless room and the secondaries 
of those transformers, which are wound to give a 
normal working potential of 22,500 volts, are taken 
to a high-tension link board, so that either may be 
connected to the transmitting set at will. 

A photograph of the actual transmitting set is 
reproduced in Fig. 1, page 687, and, as will be seen, 
it consists of four separate panels, each of which is 
mounted in a frame entirely enclosed in plate glass 
or sheet metal. Special ventilating arrangements 
are made to allow the heat from the valves to escape, 
but the protection afforded serves to prevent the 
access of dust to the apparatus, and also avoids the 
possibility of electrical shock to persons coming 
into accidental contact with parts at high tension. 

The first panel, that on the left of Fig. 1, is the 
rectifying panel, and its function is to convert the 
high-tension alternating current into continuous 
current at a pressure of about 10,000 volts. This 
is effected by means of two thermionic rectifying 
valves in the manner now general in wireless 
practice. The filaments of the valves are lighted 
from the secondary of a highly-insulated trans- 
former, the primary of which is connected to the 
500-volt alternating-current supply through a 
variable inductance, and also through a compensat- 
ing inductance. The object of the former is to 
regulate the filament voltage, whilst that of the 
latter is to compensate for the voltage drop which 
occurs when the power load is thrown on to the line. 
For the latter purpose, an automatic switch is 
provided which short circuits the compensating 
inductance when the load is switched on. The 
secondary winding of each of the power transformers 
has a central connection which is earthed, and the 
two ends of the winding are each connected to one 
of the anodes of the two rectifying valves. The 
current will pass through the rectifying valves in 
one direction only, alternating first through one 
and then through the other at the frequency of 
the alternator, i.e., 300 times per second through 
each valve. In this way both sides of the alter- 
nating-current wave are rectified and a unidirec- 
tional current, pulsating at a frequency of 600 
per second, is produced. 

To eliminate the pulsations, or ripples, a smoothing 
or filtering system is employed, which comprises 
a condenser of large capacity connected between the 
earth and the positive direct-current pole. This 
condenser tends to smooth out the ripple, and the 
current, after passing through it, is led to a large 
iron-cored inductance and then through a second 
smoothing condenser having the same capacity 
as the first. After passing through the second 
condenser, the current is practically uniform— 
far more so, in fact, than that obtained directly 
from a continuous-current generator, since current 
from the latter always contains ripples and irre- 
gularities due to commutation and slight sparking 
at the brushes. Directly connected across the last 
smoothing condenser is a very high resistance with 
a voltmeter in series with it, this arrangement 
serving firstly to measure the direct-current potential 
and secondly to discharge the condensers after the 
current has been cut off ; this provision is necessary 
to prevent danger from shock. 

The high-tension direct current, produced as 
described, passes through a milliammeter to the 
second panel, which is described as the drive 
oscillator. The circuit is a closed one of the form 
common to most wireless transmitters, and is 
composed of an inductance and a condenser. One 
end of the inductance and one side of the condenser 
are connected to earth, while the high potential 
side of the condenser is connected to the anode of 
the oscillating valve through a series condenser, 
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and the grid of the valve is inductively coupled 
to the inductance. The grid is also connected 
to earth through a high resistance across which 
is a small condenser. The anode of the valve is 
fed with high-tension direct current from the 
positive *bus bar, through a milliammeter, while 
the filament is connected at one end to the negative, 





or earth, *bus-bar and at the other end to the 


i) 


positive low-tension *bus-bar. These two ’bus-bars 
it should be mentioned, are continuous throughout 
the drive panel and the two succeeding panels, 
and are supplied with current at a pressure of 
40 volts from an accumulator battery of 330 ampere 
hours capacity. 

The next panel, which is generally similar to the 
drive panel, is known as the amplifier panel, and 
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as its name implies, its purpose is. mainly'to amplify 
the oscillations produced by the drive panel. In 
it is mounted another closed oscillating circuit con- 
sisting of an inductance and a capacity, one side 
of the condenser and one end of the inductance 
being connected to the earth *bus-bar as in the 
drive panel. The high-potential end of the in- 
ductance is connected again through a series 
condenser to the anode of the valve on this panel, 
which is also fed from the high-tension *bus-bar, 
while its grid is connected back to the drive panel, 
the connection being there taken through an in- 
ductance coupled to the drive-panel oscillating 
circuit. The grid is also connected to another 
inductance which is coupled to the closed oscillating 
circuit of the amplifier panel, so that the grid 
potential of this valve (which is the transmitting 
valve) is controlled both from the drive panel 
and the amplifier. The coupling of the two re- 
action coils is of considerable importance, and the 
setting of the coils must be so arranged that the 
potential variations of the grid of the transmitting 
valve are maintained by the drive oscillator, the 
purpose of the other reaction coil, coupled to the 
amplifier, being merely to stabilise the action 
In the positive high-tension lead connected to the 
anode of this valve, is inserted a large inductance, 
or choking coil, known as the speech choke, the 
object of this being to vary the potential of the 
anode of the valve in accordance with the sound 
waves acting upon the microphone. The effect of 
these variations is to superimpose upon the uniform 
carrier wave a complex ripple corresponding to the 
speech modulation. The aerial circuit is also con- 
nected in this panel, and consists of an aerial ter- 
minal to which a variable inductance, known as the 
aerial variometer, is connected and a coupling coil 
coupled inductively to the primary oscillating 
circuit. The end of this coil is connected through a 
hot-wire ammeter to the earth ‘bus-bar, the 
ammeter thus indicating the strength of the oscil- 
lating current in the aerial. 

The last panel on the extreme right of Fig. 1 is 
the modulator panel, and on it are mounted two 
valves, the larger of which is the control valve, 
while the smaller is the sub-control valve; both 
valves are lighted from the common low-tension 
*bus-bars above referred to. The anode of the 
control valve is connected through a high resistance 
and a protective choking coil to the speech choke, 
and the grid of the same valve is connected through 
a resistance to the negative *bus-bar, and also 
through a condenser to the anode of the sub-control 
valve. The latter also takes its anode current 
from the positive high tension "bus-bar through a 
resistance and a protective choke, whilst its grid 
is connected through a transformer to the negative 
*bus-bar. The primary of this transformer, which 
is known as the speech transformer, is connected 
to the microphone in the concert room. The effect 
of the sound waves of speech or music on the micro- 
phone is, of course, to vary its resistance, and this 
causes a corresponding variation in the current 
flowing through the primary of the speech trans- 
former. The consequent variations of potential of 
the secondary of the speech transformer, which, as 
previously mentioned, is connected to the grid 
of the sub-control valve, cause corresponding 
variations in the anode circuit of this valve which 
are communicated in their amplified form to the 
grid of the main control valve. Still further 
amplified by the latter, the potential variations are 
communicated to the anode of the transmitting 
valve through the medium of the speech choke, 
above referred to, thus producing the necessary 
modulation of the carrier wave radiated from the 
aerial. 

The aerial system consists of two parallel groups 
of four wires each, the wires in each group being 
separated by rings at the centres and ends. The 
two groups are separated by spreaders at the ends, 
and these are supported between two masts about 
50 ft. above the roof of the building and approxi- 
mately 100 ft. apart. The lead roof and steel 
framework of the building, as well as the lightning 
conductors, are all bonded together electrically 
so as to form a common earth for the system. 
Special attention has been given to the arrangement 
of the concert room, the acoustic properties of which, 
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although not ideal, have been perfected as far as 
possible by the addition of curtains suspended clear 
of the walls and hanging from the ceiling ; a thick 
carpet covers the floor in order to absorb ex- 
traneous sounds. For the transmission of orchestral 
music, the microphone is placed near the centre 
of the room and the instruments are grouped around 
it at various distances chosen by experience so that 
any one instrument may not predominate unduly 
over the others. 

The photograph reproduced in Fig. 2, page 687, 
shows a part of the concert room with microphones 
arranged for the transmission of a vocal duet with 
pianoforte accompaniment. The tubular bells now 
used for chiming the hours by hand are visible in 
the background. Later, we understand, it is hoped 
to make arrangements for the broadcasting of 
accurate time signals, the signals being controlled 
by a direct connection with Greenwich Observatory. 
This, we believe, will be the first transmission of 
wireless time signals in the United Kingdom, though 
such signals have been regularly transmitted by 
several other countries for many years and have 
proved of the greatest possible value to mariners and 
others. A private line between the broadcasting 
station and Reuter’s News Agency has now been 
installed, so that news items can be received 
and transmitted with the least possible delay. 
There are, in fact, innumerable means by which the 
service can be rendered useful as well as amusing, 
and the company concerned is fully alive to its 
possibilities in both directions. 





INDUSTRIAL NOTES. 


In view of the interview arranged for to-morrow 
between the Prime Minister and the miners’ leaders 
with a view to consider the miners’ wages and other 
matters concerned with labour at collieries, it is 
interesting to put on record the following statistical 
summary issued by the Mines Department on cost of 
production of coal, proceeds and profits for the quarter 
ended June 30 last :— 








Per Ton 

Disposable 

Amount. Commercially. 

8. : 

Wages . 30,540,289 12 7-39 

Stores and timber 6,005,714 2 5:77 
Other costs (management, 
salaries, insurances, re- 
pairs, office and general 
expenses, depreciation, 

&e.) ae ol «+ 7,884,887 3 3-08 
Miners’ Welfare Fund 

contributions = Re 221,688 0 1-10 
Royalties (including the 
rental value of freehold 
minerals where worked 

by the proprietor) 1,477,190 0 7-32 

Total costs ; 46,129,768 19 0-66 
Deduct proceeds of miners’ 

coal 4s 7“ 219,285 0 1-08 

Net costs .» 45,910,483 18 11-58 


The proceeds of commercial disposal coal were 
45,875,7981., equivalent to 18s. 11-4ld., leaving a 
debit balance of 34,685/., or 0-17d. per ton. In the 
quarter ended March 31 last, there was a credit balance 
for the whole country amounting to 1s. 1-62d. per ton, 
and one of 3-47d. per ton for the quarter ended Decem- 
ber 31, 1921. During the quarter under review, the 
average output per man-shift worked, based upon 
the tonnage of saleable coal raised was 17-8 cwt., or, 
if based upon the total tonnage of coal raised and 
weighed at the pit and the number of ordinary man- 
shifts worked, about 19 owt. The average earnings 

r man-shift worked were 10s. 2-5ld., this figure 

ing calculated upon the number of workers of all 
ages employed both above and below ground. This 
figure com with lls. 0-18d. in the quarter ended 
March 31 last, and 12s. 7-89d. in the quarter ended 
December 31, 1921. 





It is reported that at the said interview to-morrow, 
besides State aid to raise the level of miners’ wages, 
the miners’ leaders will ask for reduction in royalties, 
for the cutting down of the owners’ minimum profits, 
and for an alteration in commercial agreements by 
which selling prices of coal may be substantially 
in as trade shows signs of improvement and 
wages exhibit a better tendency. 

The average rates of weekly wages for men, women 


[Dec. 1, 1922. 





being 29s. 9-25d. for the ten complete years 1904 to 
1913, whereas the corresponding figure for January 
to July, 1914, was 3ls. 7-25d., and that for October 
last 50s. 





On the basis of the accountant’s return on the state 
of the coal trade in October, the wages of the North- 
umberland miners are to be raised in the current month 
as follows: Hewers by 33d. to 44d. per shift; the 
higher-paid day-wage men by 2d. to 3d. per shift. 
The lower-paid day-wage men, whose basis wage is 
under 3s. 6d. per day, do not come under this agree- 
ment, unless there oceurs in the current month a 
change in the subsistence wage. According to the 
return, the output in October exceeded that of Septem- 
ber by over 70,000 tons, and there was also a slight 
increase in prices. 


The Prime Minister held last Tuesday a conference 
with the chairmen and managers of the main British 
railway systems, with the object of examining with 
them the possibility of finding work for a large number 
of the unemployed. At the close of the conference, 
the following statement was issued: “The Prime 
Minister invited the co-operation of the railway 
companies in anticipating the construction and replace- 
ment of capital works, and the placing of orders with a 
view to relieving the serious unemployment situation. 
The representatives of the railway companies explained 
the steps which they had already taken, and all ex- 
pressed their desire to assist in every way possible. 
They also promised to furnish the Government with 
further information as to the work which they had 
already specially undertaken and the additional 
schemes which they thought might be put in hand at 
an early date.” 





In the course of a paper read on November 10, at 
the Société des Ingénieurs Civils de France, Paris, 
it was stated that previous to the introduction, in 
1908, of mechanical drilling for blasting in the iron 
mines belonging to Messrs. de Wendel and Co., the 
average production per man and his helper, for a 
10-hour day, was 5-845 metrical tons. Mechanical 
drilling and black powder blasting increased the figure 
to 7-066 metrical tons. With the use of Weber liquid 
oxygen cartridges, the present output is 9-323 metrical 
tons, equal to 2-257, or 32 per cent. more than with 
black powder blasting, and for an 8-hour instead of a 
10-hour day. The miners prefer the new explosive, 
so much so that if the stock is exhausted for a time, 
they choose to remain idle rather than use another. 
Mr. Weber is the mining manager of Messrs. de Wendel. 





The quarterly report, from June 26 to September 30, 
issued by the Associated Blacksmiths’ and Ironworkers’ 
Society, Glasgow, states that the total income for the 
quarter amounted to 44,5091. 6s. O}d., including 
38,4961. 4s. 11d. received from the Ministry of Labour. 
The contributions were 4,447]. 4s. 4}d., an increase 
upon the last quarter of 4911. 15s. 6}d. The quarter 
was of 14 weeks. The total expenditure amounted to 
45,2011. 12s. 11d., including 35,8681. 10s. 10d. for State 
Unemployment and Dependents’ Benefit. The actual 
balance at the end of the quarter was 12,0261. 10s. 1d. 





The annual report recently issued by the Secretary 
for Mines gives the following figures, applicable to the 
United Kingdom, for 1913, 1920 and 1921, respectively : 
Coal output 287,430,000 tons, 229,532,000 tons and 
163,251,000 tons; iron ore and ironstone output 
15,997,000 tons, 12,707,000 tons and 3,478,000 tons. 





The total number of unemployed remaining on the 
“live register” at Employment Exc in France, 
in the week ended October 28, was 11,375 (7,990 men 
and 3,385 women). The total number of vacancies 
remaining unfilled was 8,889 (4,607 for men and 4,282 
for a nang 3 under review the 
exchanges su in ing 25,149 persons (19,592 
men and 5,557 women) fn situations, and, in addition, 
found employment for 3,103 f immigrants. 


throughout France on November 2, the total number 
of persons in receipt of out-of-work benefit through their 
agency being 2,050. Of this total 551 were resident in 
the Seine Department, including 272 in Paris. It is to 
be noted that these figures do not fully indicate the 
total number of persons out of employment, since 
unemployment funds are not found in some localities, 
and where they exist the number of unemployed persons 
is not completely recorded. The total number of unem- 
ployment funds established is 264—31 being depart- 
mental and 233 municipal. The maximum number of 

rsons in receipt of donations (91,225) was reached in 

arch, 1921, since which date there has been a pro- 





and boys in the mining industry has been quoted as 


gressive decline. 








TITANIUM. 

Trrantum, which is one of the most abundant elements 
in the solid crust of the earth, enters into the manu. 
facture of many diverse materials, ranging from gas 
mantles to armour plate, and is used in connection with 
smoke screens employed for purposes of concealment in 
modern warfare. The substantially pure metal has 
been difficult to isolate, and so far has been little em loyed 
commercially, but the use of alloys and chemical com. 
pounds of titanium has inc y in recent 

.. The Bureau of Mines, of Washington, D.C., 

.8.A., has a concluded a study of this materia] 
from which we e the following notes. 

Substantially pure titanium has a silvery white colour 
like that of polished steel. It is hard and brittle wien 
cold, but at a low red heat is malleable, and can be forged 
readily like iron. Attempts at drawing into wire have 
not been successful. 

An important use of titanium and certain of its com- 
_, is in the manufacture of arc-lamp electrodes, 

laments of incandescent lights, and in gas mantles. 
In the dyeing industry, it was exploited first in England. 
Certain of the titanium salts are powerful mordants 
which produce brilliant and stable colours. Rutile 
(titanium dioxide) is employed for colouring glazes for 
pottery and enamels. Lately the use of titanium for 
— has developed rapidly, and the Bureau of 
considers that this will probably prove one of its 
most important uses in the future. Titanium-white 
appears to be very promising for pigments, since it is 
non-poisonous and has large covering capacity. During 
the war there was developed the use of titanium tetra- 
chloride for smoke screens for concealment and for 
spotting oe gee The tetrachloride is a colourless 
fuming liquid made by the chlorination of rutile; it 
boils at 138 deg. C., and forms a dense white cloud by 
hydrolysis on exposure to the air. Ammonia fumes 
mixed with those of the titanium tetrachloride add to 
the denseness of the cloud. Pure titanium is employed 
in the form of rods for the production of spectra in 
astronomical research. Titanium nitride has been tried 
as a basis for nitrogen and fertiliser manufacture. 

Titanium is used ordinarily, in the form of an iron 
alloy, as a final deoxidiser and denitrogenizer in the manu- 
facture of steel. It has been used for a number of years in 
the production of Bessemer rail steel. It is now used 
in large quantities for scavenging many kinds of steels, 
and its use in the making of sheet steel has latterly been 
developed. About 2,500,000 tons of steel were treated 
with ferro-titanium alloys in the United States in 
1918. 

The production of pure metallic titanium by the usual 
metallurgical reduction processes is exceedingly difficult, 
owing to the high melting-point of the metal and its strong 
affinity for nitrogen, carbon and oxygen. It is pro- 
duced commercially to-day by the reduction of titanium 
tetrachloride with sodium. 

Titanium is present almost invariably in igneous rocks 
and the sediments derived therefrom. Although widely 
distributed, titanium rarely occurs in abundant amount 
in any given locality except in the titanic iron ores and 
titaniferous magnetites. At present, there are four 
known ores of titanium, namely, rutile, ilmenite, titani- 
ferous magnetites (and titanic iron ores), and certain 
complex monazite sands. The principal source of 
titanium for many years was rutile, but the greatly- 
increased demand in recent years has made it necessary, 
for some uses, to turn to ilmenite and high titaniferous 
magnetites. 

The known deposits of rutile of commercial importance 
are confined to three localities in Virginia and Florida 
in the United States, and one each in Canada, Europe and 
Australia. Commercial deposits of rutile are found in 
Northern Quebec, on the south-eastern coast of Norway, 
and near Mount Crawford, in South Australia. 

The so-called titanic iron ores include ilmenite and 
titaniferous magnetites. These are widely distributed. 
Ilmenite is the only one of many titanates which is 
important as an ore of titanium. It occurs in important 
deposits in the United States, Scandinavia, Russia, 
Australia and Africa, but the commercial production 
has so far been limited. In the United States the 
deposits of titaniferous magnetites at Lake Sanford, New 
York, and at Iron Mountain, Wyoming, are the most 
im t. The annual production of rutile concentrates 
in the United States is about 200 short tons. The pro- 
duction of ilmenite is variable ; in 1918 it was 1,644 short 
tons, but in 1920 it had dropped to 268 tons. 





MINING In THE UntrTep States.—The future extensive 
devel: t of a substantial coal-mining industry in 
the ie land areas of certain western states is fore- 
casted 


personaluse. These authorisations are grou t 
in the report. The total minimum annual production 
of coal required in the issuance of these various authorisa- 
tions is 1,586,550 tons. The total investment to be 
expended on leases amounts to 2,453,550 dols. A total 
of 228,224 acres of the public domain is covered by permits 
for coal prospecting; for coal leases, 26,910 acres are 
covered, and for coal licences 220 acres. To October I, 
4 potash development leases had been granted, covering 
7,343 acres; 11 potash prospect its, involving 
28,000 acres, had been granted. ne oil shale lease 
covering 1,920 acres, and 1 rock phosphate lease covering 
360 acres, have also been issued. Technical non 
of mineral development operations on leased public 
lands is intrusted to the Bureau of Mines. 
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PRECISION LEVEL. 


CONSTRUCTED BY MESSRS. W. F. STANLEY AND CO., LIMITED, LONDON. 











Fie. 1. 

















Fie. 2. 


We illustrate above a remarkably compact and 
convenient precision level which has been intro- 
duced by Messrs. W. F. Stanley and Co., Limited, of 
286, High Holborn, London, to meet the demand for an 
instrument of this type, which, without sacrificing 
accuracy or handiness shall be less bulky and less pon- 
derous than the normal pattern. The success attained 
may be gauged by the circumstance that the instrument 
illustrated, though constructed of hard gun-metal, 
weighs only 64 1b. A special feature of the instrument 
is the means of levelling provided. There are, in fact, 
two independent levelling adjustments. 

_ There is a spherical joint between the base of the 
instrument and the upper portion, and the rough adjust- 
ment is made by moving the upper part over the lower, 
So as to bring to a central position the bubble of the 
circular level visible in Fig. 1. This adjustment is 
effected by hand without the aid of levelling screws, 
as for this rough adjustment only approximate accuracy 
is acquired. Having clamped together the two sur- 
faces of the spherical joint by a lever provided for 
the purpose, the telescope is swung into the direction 
of the intended line of sight, and is then accurately 
levelled by means of the long and delicate spirit level 
shown at the side of the telescope in Figs. 1 and 2. 
This adjustment is effected by a micrometer screw. 
the divided head of which is clearly visible to the right 
in Fig. 2. This operation is performed without re- 
quiring a change in the position of the observer, 
since by means of a system of reflecting prisms and an 
eyepiece the position of the bubble can be observed 
from the eye end of the instrument. Having swung 





the instrument approximately into the line of the sight 
a clamping screw is tightened, and then a final adjust- 
ment in azimuth is effected by a tangent screw, the 
head of which is clearly visible in Fig. 2. 

A special feature of the instrument is the means 
provided for testing its accuracy of adjustment. 
To this end the telescope is mounted rotably in a 
gun-metal sleeve, and can be turned in this sleeve 
through an angle of 180 deg., thus bringing the long level 
to the opposite side of the instrument. If the adjust- 
ment is correct the bubble should be central in both 
positions, but should it have been displaced by some 
accident it can be adjusted by the screws provided to 
read correctly in both positions. In a similar way the 
index of the telescope should give the same reading 
on the staff, whichever position the telescope occupies, 
and means are provided for correction should the indices 
and stadia lines be accidentally displaced. This cannot 
easily occur as the part that carries them, though very 
easily accessible for adjustment or repair, is protected 
in service by a dust-tight screw cap. 

The bubble tube is graduated in the usual way, 
but on both sides, though in general the instrument is 
levelled by bringing one end of the bubble under an 
adjustable index which can be easily seen through the 
reflecting prism and eyepiece already mentioned. 
In this connection it may be added that the alternative 
position of the level tube has the advantage that it 
can be turned to the side on which the light is brightest. 
When large changes of temperature occur, the length of 
the bubble alters, and it is then necessary to adjust it 
to the central position in the usual way. Once this is 








done the index already mentioned is brought to the 
end of the bubble and is used in subsequent adjustments, 
which can thus, as already explained, be made without 
requiring the observer to leave the eye end of the 
instrument. 

The body of the telescope is machined out of a gun- 
metal casting, thus ensuring that all the finished 
surfaces are concentric with each other and with the 
optic axis. The focal length is 10 in. and the clear 
aperture 14, in. An internal focussing system is 
provided, which permits of the whole being made 
dustproof and damp-proof, and has the further advan- 
tage of reducing the overall length without loss of power. 
The standard magnification is 20, but higher power 
eye-pieces are provided for use in countries with specially 
clear atmospheres. The diaphragm is provided with 
platinum and iridium stadia points in addition to the 
usual sighting points. It can be very easily removed 
for adjustment or replacement, but is thoroughly 
protected in service. For focussing on these stadia 
points the eye-piece is provided with a screw adjustment 
graduated in diopters, so that an observer having once 
noted the adjustment that best suits his sight can put 
the diaphragm into his focus without requiring to 
look through the instrument. 

The ray shade has two slits diametrically opposite 
each other and is graduated in degrees, as shown in 
Fig. 1. Side slopes are taken by sighting through 
these slits and reading the angle from the graduations 
in question. 

Moderate distances can be read from the staff by 
means of the stadia points in the usual way, though 
the fine levelling adjustment simplifies matters by 
making it easy to bring one of the reference marks 
to an even division on the staff. Long distances are 
obtained by the use of a target rod, say 10 ft. long, 
between the centres of the target. The sighting point 
is first brought into coincidence with the upper target, 
and the graduations on the head of the micrometer 
levelling screw noted. The latter is then adjusted 
to bring the line of sight central with the lower target. 
The distance is then equal to 10,000 times 10 ft., divided 
by the number of divisions passed over by the micro- 
meter screw in making the adjustment, one graduation 
of the head of the micrometer adjustment corresponding 
to a slope of 1 in 10,000. This micrometer head is also 
useful for setting out grades, as by its means the 
telescope can be set to any gradient between 1 in 20, 
up or down. A mahogany tripod weighing 8 lb. is 
provided for supporting the instrument in ordinary 
working conditions, but it can also be used without a 
stand, resting on the three feet shown in our illus- 
trations. 








Varour Pressure oF Mercury.—Though the value 
of the vapour pressure of mercury enters into many 
determinations of vapour pressures, this value is by no 
means certain even for ordinary temperatures. For 
0 deg. C., Regnault found 0-02, Hertz 0-00019, 
Van der Plaats 0-00047, Morley 0-0004, Knudsen 
0-000184; for 40 deg. the same observers fanmdene 
tively 0-0767, 0 -0063—0 -006, 0-006—all exp: in 
millimetre of mercury. Conducting measurements with 
a Knudsen pressure gauge, C. F. Hill, of the University 
of Illinois (Physical Review, September), finds values 
considerably larger than had been observed in 1909 by 
Knudsen himself, who was in agreement, it will be seen, 
with Hertz. Hill’s vapour-pressure figures are 0 -000350, 
0000775, 0-00182 and 0-00407 mm. of mercury for 
temperatures of 0 deg., 10 deg., 20 deg., 30 deg. C. 





SHaFTiInG ror Marine Purposes.—It will be remem- 
bered that some time ago a committee known as the 
British Marine Engineering Design and Construction 
Committee was brought into being and has since done 
valuable work in reducing to a uniform basis various 
designing rules so that under their code a boiler, for 
instance, would be accepted by any of the leading 
registering bodies as being suitably designed. The code 
of standard conditions included certain rules relating to 
the design of tailshafts, propeller keys, &c. Bearing on 
these latter points there now comes to hand from the 
British Engineering Standards Association, a new 
standard specification (No. 3,021—1922) dealing with 
shafting for marine purposes, but confined to tailshafts, 
propeller fits, keys and flange couplings. This specifica- 
tion is the result of the work of a strong committee, of 
which Sir Archibald Denny has hitherto acted as chair- 
man, representative of shipbuilders, marine engineers 
and shipowners. In addition to these, numerous official 
and unofficial bodies have co-operated in the work, 
which may, we think, be considered to be supplementary 
to the work we have referred to above. The earlier code 
had relation to the ruling sizes. The more recent 
specification reduces the remainder to standard, once the 
ruling size has been decided upon. The effect should be 
far-reaching. The standard taper for the propeller fit 
is the same in both codes, and the standard dimensions 
for shaft, liners and stuffing-box should not only assist 
designers, but should expedite and cheapen repairs and 
upkeep. The range of shafts covered is from 6 in. to 
20 in. in diameter. The specification may be obtained 
(price 1s, 2d. post free) from the offices of the Association, 
28, Victoria-street, 8.W. 1, or through Messrs. Crosby, 
Lockwood and Son, Stationers’ Hall Court, E.C. 4. 
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AIR COMPRESSORS.* 
By Wrt11aM REAVELL, of Ipswich, Member of Council. 
Wir the rapidly-growing use of compressed air for 
so many purposes, it is highly desirable that some 
standard form should be adopted by which the efficiency 
of compressors can be ascertained, alike for the pro- 
tection of the user and for the development of the 
art. “Efficiency” is a term sometimes used loosely, 





orifice plate. A reference to text-books will reveal 
considerable baie eed in the value of the coefficient C, 
and any results obtained by the adoption of a certain 
value may be + 5 per cent., or even more, from the true 
value. Again, the readings are frequently affected 
by the existence of air currents across the face of the 
orifice. For these reasons it is better to make use of 
the pressure drop produced artificially in the pipe line 
through which the air passes by the insertion of a definite 
resist , such as a diaphragm or nozzle, and this recom- 





and the technical Press still occasionally cont 
examples of so-called “ efficiency tests,’’ which fail to 
correct the volume of delivered air for the high tempera- 
tures reached while compressing, or which ascertain 
the volume by calculation from the indicator card, or 
fail to give the figures for ‘“‘ overall efficiency.” 

No test should be regarded as complete which fails 
to give: (a) The net horse-power applied at the com- 
pressor shaft. (b) The volume of air actually delivered, 
expressed in terms of free air, that is, air expanded down 
to the atmospheric pressure. (c) The corrected volume 
by reducing it to the equivalent volume when cooled 
down to the same temperature as that of the air aspired. 

For small machines the “ receiver’? method of testing 
is frequently used, and the time taken to pump up an 
air receiver of known capacity to the required delivery 
pressure is noted. Such a method is i ate, b 
the real conditions under which the compressor is subse- 
quently to work are not reached until at the instant 
when the final pressure is attained and the test stopped. 
A more correct way is to take “‘ time’’ observations when 
the pressure has reached, say, 1 a wy 87 below the 
required pressure and continued till the pressure has 
reached 1 atmosphere beyond this pressure. 

To obtain really reliable results, however, an auxili 
receiver A should be placed between the receiver 
of known volume, which is to be filled, and the com- 
ered (as in Fig. 16). A regulating valve C is fitted 

etween the two receivers, and the test receiver is fitted 
with a discharge valve D of ample area. When the 
compressor is started the valve C is . oe so as to 
maintain the full pressure in A while B is discharging 
freely to atmosphere through D, which is a rapid action 
lever type sluice valve or cock. If, then, D is closed 
at the instant of commencing the test and the time taken 
to fill B to the same pressure as has been maintained in A, 
the compressor performance will have been at constant 
pressure. It only remains to correct the volume in the 
recéiver B for the difference in temperature, as compared 
with the temperature of the aspired air. 

Observations of the exact temperature in the receiver at 
the instant of completion of test are difficult to obtain, 
but if the valves b and D are tight when closed, the 
air in B should be alldwed to remain while its 
is gradually reduced as the temperature falls. If, then, 
the pressure is noted when it has ceased falling, a calcu- 
lation based on this lower pressure will give the correct 
volumetric efficiency of the compressor. 

Receiver tests are not applicable to compressors of large 
volume, and diaphragm or nozzle tests must then be 
resorted to. Where the machine to be tested is of the 
reciprocating type, it is advisable to put at the end of the 
discharge pipe from the compressor an air-receiver of 
sufficient capacity to damp out pulsations. The re- 
sistance against which the compressor works is effected 
by a control valve placed between the compressor and 
receiver. A thin plate is fixed to the outlet of the 
receiver, and has a circular hole through which the air 
escapes to the atmosphere. A slight pressure difference 
will then be set up between the receiver and the atmo- 
sphere which will remain constant as soon as a state of 
equilibrium is reached, This pressure difference furnishes 
@ means of calculating the volume of air delivered. The 
equation for the air flow should be based on the adiabatic 
expansion of air. This, however, as is well known, 
involves the use of exponential equations and complicates 
the work thrown on the staff in the average test-house. 
If, therefore, an orifice is adopted which is sufficiently 
large to give but a slight pressure difference, the ordinary 
hydraulic formula can be applied, seeing that the actual 
change in the density of the gas would be negligible. 
For example, a pressure drop of as much as 12 in. will 
only give an error of 1 per cent. in velocity when applying 
this formula. It is the author’s practice to use orifices 
or nozzles of sufficient diameter to keep the pressure 
drop below this figure. Jn the hydraulic formula we have 


V=QjAu. 





ressure 


Where 
V = volume discharged in cubic feet per second. 
C, = coefficient of contraction. 
A = area of orifice in square feet. 
u = actual velocity in the orifice in feet per second. 


ATI — Pe) 
u 


u is given by C2 \ 


Where 
Ce= coefficient of velocity. 
g = gravitational constant = 32-2. 
w = density of air or gas in pounds per cubic 
foot. 
P,; — Pe = pressure difference in pounds per square 
: foot = 5-18 x h, where h = head of 
water gauge in inches, 


There are two drawbacks to this method ; in the first 
place it is difficult to ascertain accurately the temperature 
of the air in the receiver, which is necessary for deter- 
mining the specific weight w; secundly, the discharge 
coefficient is not constant, but varies with the pressure 


ratio He it is also affected by the thickness of the 
1 





* Note on Testing, read at the Institution of Mechanical 
Engineers, on Friday, November 24, 1922; supple- 
mentary to Mr. Reavell’s paper previously read (see 
ENGINEERING, vol. cxiii, page 782. 





mendation holds good whether a receiver is used or not. 

If the machine being tested is of the rotary or turbo 
type, obviously a receiver is not necessary. The 
diaphragm is usually a thin metal disc, held conveniently 
between on the delivery pipe, as in Fig. 17. 
In place of this a rounded nozzle is favoured in modern 
practice, this being arranged as in Fig. 18. 

Fig. 19 shows the arrang t for ing the 
temperature and pressure. Pressure connections are 
arranged on the up- and down-stream side, which lead to 
the two legs of a U-tube, usually filled with water. It is 
advisable to keep the pressure drop reasonably low, 
say below 20 in. water gauge, in which case the specific 
weight at the restriction may be taken to be the same 
as on the up-stream side. Only three readings require 
to be taken, namely, the pressure drop h across the 
diaphragm or nozzle; the pressure p in front of the 
nozzle, and the temperature t. The two latter values 
are required to determine the density of the air imme- 
diately in front of the restriction. The formula is the 








cent. of the true value, if the pressure drop H is not more 
than 12 in. water gauge, when discharging to atmosphere. 
The steps by which this formula is arrived at are as 
follow :— 
The discharge velocity, that is, the velocity at the 
throat of the nozzle is 


em J/2gh (ft. per sec.). 


h being the head of the gas in feet corresponding to the 
pressure drop across the nozzle. 

Now h = (P, — P2) x v. 
Where 


P,= Absolute pressure before nozzle. 


P2= Absolute pressure behind nozzle. Both ex- 
in pounds per square foot. 
v = Specific volume of air in front of nozzle, cubic 


feet per pound. 


v can be calculated from the general gas equation, 
Pv = Rf, in which 


P = Absolute pressure before nozzle = P. 

T = Absolute temperature before nozzle = (¢ + 460 
deg.) Fahrenheit. 

R = the gas constant = 53-2 for air. 


Hence 


v= == and by substitution we get 
1 





same as given above, but here again it is known that 


Fig. 16. 
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the coefficient of discharge of a diaphragm is a variable 

uantity, dependent on the conditions. It is important, 
therefore, in comparing different machines under test, 
to keep a fairly constant pressure drop. The coefficient 


depends also upon the ratio and upon = t being the 


thickness of the diaphragm disc. For these reasons one 
cannot assume a value for the discharge coefficient 
which is applicable to all cases ; a diaphragm of this type 
should be calibrated by careful laboratory methods under 
conditions similar to those for which it will be used. 
Rounded Nozzle.—The rounded nozzle, Fig. 18, is more 
Se to produce, especially when required for large 
volumes, but it has the great advantage that its co- 
efficient of discharge is practically constant, and is very 
close to unity; a well-designed nozzle has a coefficient 
between 0-98 and unity; indeed, the nozzle as recom- 
mended by the Verein Deutsch i 
coefficient of about 0-99 to 0-997, 





g @ possesses a 

which, for practical 

Pp » may be taken as unity. A sketch of this nozzle 

or re nn. with the principal proportions indicated 
. 20). 

For practical purposes the test shop must be provided 
with a simple formula which has all the various thermo- 
dynamical constants, disc coefficients, conversion 
factors and nozzle particulars combined in one single 

It is usual to demand the number of cubic feet 
of free air in terms of suction conditions which the 
compressor actually delivers, and in addition to the three 
readings, namely :— 

The pressure drop H across the diaphragm. 

The pressure p in front of the nozzle. 

The temperature t. ; 
The barometric pressure and temperature of the atmo- 
sphere at the time of the test must also be observed. 

hese values are then to be inserted in the nozzle formula 

below, and the mathematical operation is thus reduced to 
a simple slide rule problem. 

Nozzle formula based on the hydraulic formula using 
the German standard nozzle :— 
tt +400), /py y (Bar. + He) 

Bar. (¢ + 460) 

The result is given in cubic feet per second. 
This formula will give results within + or — 1 per 


V,=15°8 x Ax 


o= r/2 9 (Pi — Pa) *— (ft. per sec.). 
1 


Fig.J9. ARRANGEMENT OF NOZZLE TESTING 
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Fig.20. GERMAN STANDARD NOZZLE. 








* The discharged volume in terms of the entrance con- 
ditions P; and T is— 


Jo=C xX u xX A (cubic feet per second). 


where 
A = area of nozzle throat in square feet 
C = a discharge coefficient which for this type of 


nozzle may be taken as unity. 


Usually it is desirable to express the discharge volume 
in terms of free air, that is, suction conditions, the corre- 
sponding absolute pressure being P,; and temperature T;. 
Thus 


Ve=Vo x 


=Ax A/29 (P 


/29 = (P, — Pe) (cub. ft. per sec.) 


Pi 


RT Ts 
- Py) — X 
2 Pr 


T 


P; 


P, 


x 


=Ax Ts x 
P, 
Actually the pressure drop (P; — Pg) is measured by 
means of a water gauge, the reading H (see Fig. 19) being 
expressed in inches. This value must be converted into 
pounds per square foot thus 


P, — Pp =H x 0-036 x 144 = 5-18H. 


Again the absolute pressure P; is the sum of the baro- 
metric pressure (Bar.) plus the pressure (Hg) as read off 
the mercury gauge in inches, which involves the followinz 
conversion. 


P; = (Bar. + Hg) x 0-49 x 144 = 70-5 (Bar. + Hg). 


Similarly P, = 70-5 x (Bar.), 0-036 and 0-49 being 
the weight of 1 cubic inch of water and mercury respec- 
tively. 

By substitution we get an expression for the volume 
of air discharged in terms of free air (suction) conditions 
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(t, + 460) 


oe . X 
70°5 x (Bar.) 


thus Oe ee 
x 53-2 x 70-5 x (Bar. + Hg) x 5-18H 


/2 x 32-2 
; (¢ + 460) 


= 15-8 x A x & 44) y ./H x 
Bar. 


in cubic feet per second. 





(Bar. + Hg) 
(¢ + 460) 


If it is accepted that the risks of error, due to assump- 
tions from the published tables of the coefficient of 
contraction and coefficient of velocity, are less with the 
rounded nozzle than with the diaphragm, and still less 
with the German standard nozzle than with the rounded 
nozzle, the same general objection can be raised to all of 
them, namely, that.any results based on them depend 
on the accuracy of the assumed coefficients. It was for 
this reason that in Germany, just prior to the war, 
attempts were made to determine a form of nozzle 
contour which would have a sensibly constant discharge 
coefficient in the neighbourhood of unity, and which, 
with reasonable accuracy, remained of the same value 
for all geometrically similar nozzles. The nozzle shown 
in Fig. 20 is the outcome of these experiments. Another 
investigator, Dr. Ing. J. Brandis, of Aachen, ‘examined 
the hydraulic formula for use with diaphragms and 
established certain rules for the design of suitable 
diaphragms which, in conjunction with his formule, 
gave very reliable results. For any one interested full 
particulars will be found in his book on “ Messung Von 
Gasmengen,’’ published by M. Krayn, Berlin, 1913. 

Reference should also be made to the most recent 
investigations on this subject by the Physikalisch 
Technische Reichsanstalt in Berlin, an _ institution 
equivalent to the National Physical Laboratory. These 
investigations are based upon Reynold’s law of similarity 
and its application to the pressure drop in a smooth 
tube by means of which it is sought to establish an 
aceurate method for measuring the volume of the fluid 
passing through the tube. A summary of these in- 
vestigations has been published recently in the Zeitschrift 
des Vereines Deutscher Ingenieure (February 25, 1922), 
and the accuracy of the results obtained, both with 
air and water, appears highly satisfactory, the mean 
error between the measured and the calculated values 
being about 4, per cent. This problem of more accur- 
rately determining the measurement of volume of air 
and other gases under varying conditions is receiving 
the attention of scientists in other countries, and it is 
hoped that the time is not far distant when investigations 
will be made by the National Physical Laboratory, or 
some equally reliable institution, which will place the 
British engineer in the same position as that arrived at 
by German users as a result of the tests made in that 
country. 

The author desires to thank the various firms who have 
been good enough to supply him with information for 
the purpose of this paper ; also the members of his staff 
for assistance rendered in the preparation of the diagrams 
and papers. 





STORAGE AND TRANSPORTATION OF 
PORTLAND CEMENT.* 


By W. M. Myers (Assistant Mineral Technologist, 
United States Bureau of Mines. 


Tar United States Bureau of Mines conducted an 
investigation to determine the cause of the deterioration 
of Portland Cement during storage and transportation, 
and to discover a means of preventing it. All available 
printed sources of information on this subject have been 
examined and a bibliography has been compiled. The 
subject has also been discussed with the leaders in the 
cement industry ; the present report is the result of their 
co-operation, and is based principally on information 
thus obtained. Deterioration of Portland cement during 
storage over any considerable period of time has long 
been noted; closely related to it is deterioration of 
cement during transportation, which involves not only 
the time factor of storage but also exposure to varied 
climatie conditions. Deterioration in both cases is 
due to hydration of the cement by absorption of moisture 
from a humid atmosphere, or by exposure to actual 
rainfall. After hydration cement possesses no cohesive 
power; the degree of deterioration is directly propor- 
tional to the degree of hydration. The amount of 
deterioration of Portland cement during storage has 
been accurately determined in an investigation by 
the Structural Materials Research Laboratory, in co- 
operation with the Portland Cement Association. Cement 
stored in a shed in cloth sacks retained 80 per cent. 
of its original strength after three months’ storage ; 
71 per cent. after six months; 61 per cent. after one 
year; and 40 per cent. after two years. 

The deterioration of Portland cement during storage 
and transportation was noted particularly in France 
during the world war. Information concerning cement 
used by the American Expeditionary Forces was furnished 
by Lieutenant-Colonel H. 8. Spackman and Major E. C. 
Eckel, U.S.R., who had charge of practically all matters 
concerning cement used by the A.E.F. The cement 
used by the A.E.F. came from the following sources : 
42,000 tons were French, Swiss and Spanish cements ; 
120,000 tons were English ; 55,000 tons were made in 
plants operated by the A.E.F. ; 500 tons (not over) from 
America. Deterioration was most marked in cement 
from the first source. 

The climatic conditions in France are very severe for 
finished Portland cement, owing to the long rainy season 
and the accompanying high humidity. Cement stored 
for a period of two months was sometimes almost worth- 





* Reports of Investigations Bureau of Mines, Depart- 
ment of the Interior, July, 1922. Serial No. 2,377. 





less. Cement was not always stored where it could be 
reached easily, and some storehouses were emptied in the 
reverse order of filling, so that the material stored first 
was the last to be removed: some cement, therefore, 
was unavoidably stored longer than it could withstand 
the climate. The deleterious effect of the climate of 
France on Portland cement is constant. It is not 
dependent on unusual conditions, as is recognised by 
French manufacturers, who endeavour to send their 
product direct to the point of consumption immediately 
after grinding. The specifications of the French Govern- 
ment for the storage of cement are strict, as may be seen 
from the following résumé :— 

1, Cement must be stored in an airtight room. 

2. Cement must be covered with tarpaulin. 

3. Cement must not be stored nearer than 18 in. to 
the wall. 

Some English cement used in France was damaged 
further as a result of the English custom of shipping it in 
200-lb. bags; these heavy bags are difficult to handle, 
and are torn by the hooks of the stevedores, thus exposing 
the cement directly to atmospheric conditions. The 
quality of the little American cement used was satis- 
factory. In the United States, Portland cement is 
shipped in barrels, in cloth or paper bags, or in bulk in 
cars. Cement for export is generally packed in barrels. 
The superiority of American packing over European 
barrelled cements has been noted by commercial agents 
of the United States in South America. 

The use of airtight containers for storing and shipping 
Portland cement would obviously prevent deterioration, 
but the prohibitive cost of such containers would greatly 
outweigh the benefits derived from their use. Two 
feasible improvements have been suggested that would 
not only improve the quality of the cement, but would 
also effect appreciable economy in transportation : 
(1) Storage and transportation of the cement in bulk ; 
(2) storage and transportation of the cement in the form 
of unground clinker, and grinding the clinker at 
destination. 

Storage and Transportation of Portland Cement in 
Bulk.—Deterioration of cement in bulk is less than in 
bags, owing to the smaller area exposed. Hydration 
takes place only at the exposed surface, and the bulk 
of the cement is unaffected. Cement transported in 
bulk must be shipped in a tight closed car, and must be 
protected from moisture during loading, shipping, and 
unloading, preferably it should be used immediately 
after unloading at the point of destination. This 
practice is now followed by several manufacturers and, 
where conditions are suitable it is becoming more common, 
as its advantages are seen. Shipping in bulk effects a 
saving by eliminating the use of bags—-which is an 
important item in the cost of cement, and it should also 
permit a saving in freight rates. 

Storage and Transportation as Unground Clinker.— 
Clinker, the fused product of the cement kiln before it is 
ground to form the finished Portland cement, is excep- 
tionally well adapted for transportation or storage over 
long periods of time under adverse conditions. It is 
extremely inert and has no tendency to absorb moisture. 
Experiments show that clinker may be stored under 
water, or subjected to alternate dry and wet storage, 
without lowering the quality of the finished cement. 
This cement has two distinct advantages: The quality 
of the cement produced from stored clinker is higher, 
and the grinding cost of the clinker is decreased because 
of mechanical disintegration. The improvement in the 
quality of cement made from stored clinker is due to 
the hydration of any free lime (CaO) that may be present. 
Free lime is injurious to the finished cement, as it pro- 
duces unsoundness. It is not present in a perfectly 
burned clinker, but it is present occasionally as a 
result of imperfect mixing of raw materials and of 
careless manipulation. Cement manufacturers, there- 
fore, generally storo clinker for several weeks or 
months before grinding. Clinker that produced un- 
sound cement in one instance was found to yield 
a satisfactory product after being treated with steam 
to hydrate the free lime. Though Portland cement 
in the form of clinker is most carelessly handled and 
stored without regard to humidity or climatic conditions, 
yet improvement rather than deterioration of quality 
is manifest in the ground product. The mechanical 
disintegration of clinker during storage makes grinding 
easier, thus somewhat increasing the capacity of the 
mills and decreasing the cost. 

Decrease in Shipping Coste.—Clinker, like iron ore, 
can be handled in bulk in large quantities. Barges 
or steamers can be loaded cheaply, and the heavy expense 
of using bags for the finished Portland cement may be 
entirely eliminated. Freight rates on clinker shipped 
in bulk should be lower than the rate for bagged cement, 
hence an appreciable saving could probably be made on 
this item. It would not, of course, be practical to shi 
clinker short distances to points near the source, as all 
demands for cement could be supplied directly from the 
menufacturer, the elements of transportation and storage 
being unimportant. 

Operation of a Plant to Grind Clinker.—-The feasibility 
of operating a grinding plant in connection with any 
cement project depends on several factors, the following 
of which are the most important :-— 


1. The cost of erecting the plant. This cost would 
vary according to the location, and with the cost and 
transportation of machinery and supplies. 

2. Operating cost of plant, depending among other 
things, on the amount and type of power and labour 
available. . 

3. Loss in possible subsequent scrapping of plant. 

4. Amount of cement used and possibility of continued 
demand. 

5. Economies to be realised in transporting clinker to 
mill, as against loss in material by transporting the 
ground cement. 





6. Difference in freight transportation for clinker and 
for finished cement. 

7. Saving by eliminating the use of bags. 

The actual expense of installing a grinding plant would 
peer: not be less than 10,000 dols. under the most 
favourable circumstances, so that it would be impractic- 
able to grind clinker for any project using less than 
30,000 or 40,000 barrels of cement. The transportation 
of Portland cement in the form of clinker could be 
applied to any large construction project situated at a 
distance from the nearest cement mill in the United 
States; it could be applied also to a foreign market. 
To warrant the installation of a grinding plant in such 
a market, it would be necessary that the market should 
be located favourably with regard to cheap transporta- 
tion ; that it be a large consuming or distributing point ; 
and that there be no competition from local manu- 
facturers, Exceptionally humid climate, or other con- 
ditions injurious to finished Portland cement, would be 
an added inducement. In a number of South American 
ports these conditins exist. One cement manufacturer 
twelve years ago made extensive plans to ship clinker 
to Cuba and grind it there, but apparently did not 
attempt to carry out his plans, A prominent engineering 
company of New York is now engaged in a large con- 
struction project in Brazil, and is installing a clinker mill 
at Ceara, composed of two units having a capacity of 
500 barrels per day. It is planned to ship Portland 
cement in the form of clinker and grind it at destination. 
The results obtained will be of great value not only as 
to the relative costs of shipping bag cement as against 
clinker, as to other economies involved, but also as to 
the general feasibility of the whole project. 





THE IMPROVEMENT OF POWER FACTOR.* 
By the late Dr. Grispert Karr.+ 
(Continued from page 662.) 

Construction and Performance of Some Synchronous 
Induction Motors.—A characteristic feature in the design 
of all such motors is that to ensure stability the air-gap 
is made larger than in ordinary induction motors. A 
further characteristic is that the rotor teeth are highly 
saturated. Otherwise there is no important difference in 
the magnetic circuit, so that the same type of frame may 
be used for either the synchronous or the asynchronous 
motor. Electrically there is the difference that, with a 
view to quick and certain synchronising, more copper is 
put into the rotor, and the current-carrying capacity 
of the slip-rings and their brushes must be greater. 
Short-circuiting of slip-rings is impossible. In most 
motors some excitation may be left on during the starting 
period. The synchronous sstalli torque is always 
smaller than the asynchronous, but when the load 
torque exceeds the former the motor runs on as an 
asynchronous machine with a low, lagging power factor 
until the load has fallen, when the motor again — 
into step. The efficiency is a little lower owing to the 
greater loss in excitation. The open slip-ring voltage 
is higher than in an ordinary induction motor and may 
reach 2,000 volts. 

The following data will serve to give a more precise 
meaning to the above general statements. 

Hight Hundred Brake Horse-Power Motor: 2,200 
line volts; 25 cylees; 250 r.p.m, stator three-phase ; 
rotor two-phase; air-gap 4:5 mm.; open slip-ring 
voltage 1,300 volts to earth ; exciting current per phase 
according to load and power factor up to 340 amperes, 
or 680 amperes on the star-point slip-ring, The circle 
ratio (ideal short-circuit current divided by open-circuit 
current) is 9-9. From the locus diagram (Fig. 5) the 
working condition at any power factor and load can be 
determined. 

The following table is given by the makers to show 
the performance of this motor :— 





Output. | Line Volts. C A | aes | Efficiency.* 

b.h.p. volts. | amperes. | percent.| per cent. 
800 2,200 | 168 1-7 93 
800 2,200 188 2-9 92 


* At half-load the efficiency is 1 per cent. lower. 


The makers state that the increase in cost over an 
ordinary induction motor would be approximately 
20 per cent. when designed for unity power factor, 
and 30 per cent. for 0-9 leading power factor. 

Motors of the Lancashire Dynamo and Motor Company, 
Limited.—The salient-pole type (used when only a slight 
starting torque is required) has a starting winding 
housed in the pole shoes, and this winding also acts as a 
damper to protect the field winding from excessive 
vol For heavy starting — the non-salient-pole 
type is used, but has no additional squirrel-cage winding, 
as the field winding itself acts as a starting winding. 
Dampers are generally not required, but, if desirable, 
a damping effect may be produced by short-circuiting 


part of the rotor winding. The open slip-ring voltage 
varies between 1,400 and 2,000. The non-salient-pole 
t is started as shown in Fig. 4e (page 661 ante). he 


individual switches in the solid starter resistance are 
successively closed by a reciprocating motion given by 
hand to a starter handle which, in ite last movement, 
also puts the motor into synchronism by first connecting 
up the resistance (marked “ buffer” in the di m) 
across the rotor terminals, then taking the rotor off the 





* Paper read before the Institution of Electrical 
Engineers, on November 16, 1922. 
+ Dr. Kapp died on August 10, 1922. 
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starter resistance, switching it on to the exciter circuit 
and finally opening the buffer circuit. A second handle 
serves for returning the starter to the starting position. 
Interlocks are provided for  ebehoer the closing of 
the main stator switch unless the starter is in the starting 

ition. As regards the excitation uired for 0-9 
oie power factor motors, the makers have given me 
the following examples :— 


650 b.h.p. exciter 400 amperes, 40 volts. 
320 b.h.p. exciter 230 amperes, 60 volts. 


The increase in cost of the synchronous over the 
asynchronous machine is largely dependent on the 
amount of power factor correction required. Taking, 
however, the usual case that a leading power factor of 
0-9 is desired, the makers estimate that the increase 
may be taken to be one-third the cost of an asynchronous 
motor of the same power. 

Two Hundred and Fifty Brake Horse-Power Oecerlikon 
Motor: Terminal voltage 500; 50 cycles; 750 r.p.m. ; 
0-9 leading power factor. The starting resistance is 
solid (the starter shown in Fig. 4b (page 661 ante) is shown 
as a liquid starter merely to preserve as far as possible 
uniformity of representation) and the two-way switch 
in Fig. 40 is re ane by the usual three-phase starting 
switch worked by a hand wheel. Another hand wheel 
serves to adjust the excitation. The starting and regu- 
lating gear is housed in a cast-iron case permanently 
attached to the motor frame. The exciter is mounted 
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Fig5.—Circle diagram of 800 b.h.p Crompton synchronous 
motor, 2 200 volts, 25 cycles. 250 r.pm 





cascade motors (Fig. 9a) is provided with two star- 
coupled windings in parallel, and the direct-current 
excitation is introduced between the two star points.* 
The rotor winding consists of a six-sided mesh with star 
coils tapped into it at equally spaced points. The 
terminals of these coils are brought out to six slip-rings. 
Opposite rings are connected in pairs across three inde- 
pendent starting resistances. The currents through the 
rotor windings are symmetrical, and no second field can 
therefore be produced. The motor designed for an 
(8 + 4)-pole cascade is started as an 8-pole machine, 
and when near synchronism three of the slip-rings are 
short-circuited and the remaining three are open- 
circuited. This action converts the winding into an 
interconnected star-mesh system and results in the pro- 
duction of an auxiliary 4-pole field. The switch used 
for changing the rotor connections also connects the 
star points of the two parallel stator windings to the 
direct-current exciting circuit, producing a stationary 
— field. Atsynchronism the 4-pole rotor field rotates 
relatively to the rotor iron at 500 r.p.m. and, as the rotor 
itself has the same forward speed, the two 4-pole fields 
in stator and rotor are stationary in space and lock 
together, so that the motor works as a synchronous 12- 
pole machine. Efficiency and power-factor curves are 
shown in Fig. 9b. 

The Rotary Converter as Phase Advancer.—At first 
sight the rotary converter appears to be an admirable 
appliance to inject leading kilovolt-amperes into the 
supply line, but on closer consideration of its working 
condition it will be found that its use in this direction is 
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Pig.6.—Performance curves of 250 b.h.p. Oerlikon syn- 
chronous induction motor, 500 volts, 50 aycles, 750 
r.p.m 
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Fig.8. —Circie diagram of an English Electne Co 


overhung on the motor shaft. The performance of the 
motor is shown by the curves Fig. 6 and Fig. 7. 

Five Hundred and Fifty Brake Horse-Power English 
Electric Motor: Terminal voltage 1,000; 50 cycles; 
428 r.p.m.; unity power factor at full load and leading 
power factor at smaller loads; constant excitation at 
44 volts, 220 amperes ; synchronous stalling point at 
1-7 times full load. The tooth density is very high, so 
that there is a great difference in the rotor current when 
the motor works asynchronously, and when it works 
synchronously with direct -current excitation in the 
rotor. The high saturation makes the field stable, and 
the fact that the axial excitation is provided by two 
coils with their axes 120 deg. (instead of 180 deg.) inclined 
to each other has a beneficial effect on the field form. 
Fig. 8 shows the locus curve: of this motor, and Fig. 8a 
the performance curves. 

Two Hundred and Fifty Prake Horse-Power General 
Electric Motor: Terminal voltage 440; 50 cycles; 
power factor from unity to 0-9 leading at full load 
according to excitation; 375 r.p.m.; open slip-ring 
voltage, °,140; slip, 1-06 per cent. ; diameter of arma- 
ture, 120 em.; core length, 25 cm.; air-gap, 2-5 mm. 
The exciter is mounted on the motor shaft and has a 
maximum output of 5-6 kw. 

Fig. 9 shows the performance of this motor as a 
function of the output in brake horse-power. A and B 
are power-factor curves at const itation; C is 
the efficiency curve if the excitation is adjusted to give 
unity power factor at all loads, and D is the efficiency 
curve if the excitation is adjusted to unity power factor 
at full load, but not varied for smaller loads. 

225 b.A.p. Sandyeroft Single-field Cascade Motor.— 
The stator in Mr. Hunt's self-starting synchronous 


+ 





550 b.h.p. motor 


rather limited on account of the rapid increase of the 
copper losses in the armature with an increase of the 
wattless component given to the line. The increase in 
output of a rotary converter as compared with a simple 
direct-current generator is due to the fact that the 
armature winding has to carry only the difference 
between the motoring alternating current and the 
generated direct current. For unity internal power 
factor this difference is a minimum. The external power 
factor at the terminals is then about 0-98 lagging. To 
get unity at the terminals the internal power factor 
must be of the order of 0-98 leading. To get a leading 
power factor at the terminals the internal power factor 
must be correspondingly smaller, which means that the 
wattless component must be larger. Since the amount 
of heating increases as the square of the wattless com- 
ponent, it follows that power factor improvement can 
only be obtained at the sacrifice of output. The copper 
loss in a six-phase converter is smaller than in a three- 
phase one, and, if we refer the increase of losses due to 
the leading current to the normal loss at unity power 
factor, we find that the percentage increase of loss is 
larger in a six-phase than in a three-phase converter. 
Thus if the field excitation is increased so as to induce a 
30 per cent. wattless component, the copper loss for full 
output would be increased by about 18 per cent. in a 
three-phase and by about 30 per cent. in a six-phase 
converter. To keep within the heating limit the output 
would therefore have to be reduced to 92 per cent. and 
88 per cent. respectively of the permissible output at 
unity power factor. This is rather a high price to pay 


for the injected kilovolt-amperes. Economically it is 
better not to use the converter for giving to the line 
leading k.v.a., but to be content with taking from the 
line true kw. and thus raising the general power factor 
of the system by increasing the watt load. Moreover, 
a converter excited to unity power factor will scarcely 
influence the line voltage at all, whilst a converter 
injecting leading k.v.a. may have some disturbing 
influence. 

As an example of the beneficial influence of a con- 
verter load on a general supply system we may take 
that of the City of Birmingham, to whose engineer, 
Mr. R. A. Chattock, I am indebted for the following 

articulars and for the vector diagram shown in Fig. 10. 

he total capacity of the rotary converters is 9,800 kw. 
at unity power factor. All rotary converters are pro- 
vided cul; teen to vary their power factor down to 
0-97 leading, but Mr. Chattock considers it hardly safe 
to go beyond this. Generally the converters are worked 
at unity power factor. 

The power factor improvement is shown in the follow- 
ing table referring to the time of heaviest load which 
occurred at 4.30 p.m. on December 17, 1920. In the 
vector diagram P and L mean direct-current power_and 
lighting load, and T means traction load. 
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Fig. 7.—Performance curves of 250 bhp Ocerlikon syn- 
chronous induction motor, 500 volts, 50 cycles, 750 
rpm 
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Fig. 8a Performance curves of an English Electric Co. 550 bh p motor 


Total alternating-current load 
on all generating stations 
Substations’ load, at the same 
time, taken up by all sub- 
station rotary converters run- 
ning at approximately unity 
power factor, of which 11,213 
kw. is power and lighting and 
3,261 kw. is traction 

Estimated E.H.T. supply out- 
side substations on December 
17, 1920. 


Slip-ring Phase Advantages.—If an electromotive force 
of slip frequency is introduced in the correct sequence 
into the slip-rings it will shift the rotor current forward. 
To ensure that the injected E.M.F. shall have the 
correct frequency, the rotor current itself is made to 
generate it ; and to ensure the correct sequence is merely 
a@ question of making the appropriate connections be- 
tween the phase advancer and the slip-rings. The 
interaction ewe the stator and rotor causes the 
leading k.v.a. injected into the rotor to be translated 
into the line, and thus a comparatively small amount of 
k.v.a. given to the rotor becomes a large amount of 
leading k.v.a. given to the line. We may take as an 
example a 500 kw. motor with, say, 1-5 per cent. slip. 
If it is desired to inject into the line 50 per cent. of the 
true power as wattless k.v.a., the line would require a 
supply of 250 leading k.v.a. The working condition of 
the motor would not be altered ; the slip and the over- 


58,230 k.v.a. at 
0-79 power factor. 
14,474 kw. 


47,400 k.v.a. at 
0-66 power factor. 





* See paper by Mr. L. J. Hunt, Proceedings of the 





pa 
South Wales Institute of Engineers, vol. xxxv., page 309. 





load ity would remain as they were. If we inject 
a certain amount of leading k.v.a. into the rotor the 
working condition of the motor will be altered. The slip 
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must increase because the slip E.M.F. must now cover 
not only any additional ohmic loss, but also the quad- 
rature component of the E.M.F. of the phase advancer. 
The slip of 1-5 per cent. may thus become increased to 
2-5 per cent. and the translating ratio of the interaction 
between stator and rotor will no longer be 100 to 1-5, 
but 100 to 2-5. That is to say, for every k.v.a. injected 
into the rotor the line benefits by 40 k.v.a. Neglecting 
losses, which are very small, a phase advancer having 
an output of 6-3 k.v.a. will benefit the line to the same 
extent as a static or rotary condenser giving it 250 k.v.a. 
At the same time the overload capacity of the motor is 
increased. 

There are two types of slip-ring phase advancer in 
use; the rotary and the oscillatory. The former is an 
alternating-current commutating machine which must 
be driven from some external source of power, the latter 
is a direct-current machine which requires no external 
driving, but needs direct-current excitation from an 
external source, 

Rotary Type of Phase Advancer.—The general principle 
of the rotary phase advancer is shown in Fig. 11 for a 
two-pole three-phase machine. A, B, C are the stator 
exciting coils (the diametrically opposite poles are not 
shown, in order to avoid complication), R represents 
the armature, and K the commutator with the three 
brushes, a, 6, c. In the position shown, the brushes 
are in the polar axes and therefore the armature exerts 
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Fig.9. —Performance curves of a General Electric Co 
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Fig.i0. —Load vectors of Birmingham electric supply 


no torque. If the brushes are displaced in one sense, 
ithe machine gives torque in the opposite sense and acts 
as a motor taking power from the slip-rings, at the 
same time injecting a certain amount of leading k.v.a. 
into the slip-rings, This property of the rotary advancer 
can be used in cases where the main motor is provided 
with a flywheel in order to cope with heavy peak loads, 
when a considerable slip must be allowed. Then part of 
the slip energy may be recovered instead of wasting the 
whole of it in slip resistance. 

Where only phase-advancing is required the brushes 
remain in the axial position; the impressed flux and 
that created by the armature current are then in line, 
and by giving the armature a winding of sufficient 
turns the whole of the flux required can be produced 
by the armature winding itself, so that a stator with 
the coils A, B, and C becomes unnecessary. 

This is the principle on which the Scherbius rotary 
phase advancer is constructed. The machine has no 
stator, but the iron core of the armature is radially 
extended beyond the armature conductors so that the 
rotor iron outside the winding performs the office of 
an external stator. Since the magnetic reluctance of 
the air-gap is thus avoided, the advantage of a strong 
field with only a moderate excitation is secured. On 
the other hand there is the disadvantage that the com- 
mutation necessarily takes place not in the neutral 
ye but in the strongest part of the field, making 
the commutation more difficult than in an ordinary 
direct-current machine. The fact that not a direct but 
an alternating current must be commutated is of little 
importance, because the frequency of this current is so 
low that the condition as regards commutation is prac- 
tically the same as with direct current. The arrangement 
-of this machine is diagrammatically illustrated in Fig. 12. 











If the rotor is at rest the machine acts simply as a 
choking coil. The currents introduced by the three 
brushes produce a rotating field having an angular 
velocity corresponding to the slip frequency. The self- 
induced E.M.F. lags behind the current by a quarter 
period. If, now, the armature is rotated by external 
power with slip frequency, there is no cutting of field 
lines by the armature winding and the machine acts 
simply as a dead resistance. By increasing the im- 
pressed speed; so that the winding rotates with a speed 
greater than that of the field, the E.M.F. generated 
changes sign, that is to say, it leads relatively to the 
current by a quarter period. The faster the armature 
is driven the greater is the phase-advancing effect on 
the rotor currents of the motor. 

The principle on which a locus diagram of an induction 
motor with slip-ring phase advancer may be constructed 
has been given in a previous paper * and need not be 
repeated here. It is, however, interesting to note that 
the theoretical locus curve deduced on the assumption 
that there is no saturation is beneficially altered by so 
designing the Scherbius armature that at full load there 
shall be considerable saturation. Referring to Fig. 4 


of the previous paper, ES, the ohmic voltage loss in 
rotor and advancer, is approximately proportional to 
the phase current ¢ and also to the excitation producing 
the leading E.M.F., but this E.M.F. (SB in Fig. 4) is 
As the satura- 


not strictly proportional to the current. 
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Fig.3a—Connections of a Hunt (8 + 4)-pole cascade 
motor 





ig.if.—Diagram of phase 
‘advancer with field wind- 
ing 


Fig.12— Diagram of phase 


vancer without field 
winding 





cmsg2-s.) bhp. 


Fig.4—Performance curves of a 330 b.h.p. General Electric 
Co. motor furnished with vibrator, 


tion increases, the field increases only according to the 
magnetisation characteristic, and the E.M.F. injected 
increases a little less than the field because with increas- 
ing load the slip increases and the excess of armature 
speed over the speed of the revolving field becomes a 
little smaller, especially if the advancer is driven by 
the motor itself. The effect of saturation can be taken 
account of in a very simple manner, whilst tha‘. of 
speed variation is not serious and can also be easily 
corrected. Let, in Fig. 13, O E be the no-load current 
and EC the radius of the Heyland circle. ES repre- 
sents the ohmic voltage-drop in one phase. By a 
suitable scale it may also represent the excitation on 
the magnetising characteristic Eee. With constant 
speed the cutting, B 8 represents, then, also the injected 
E.M.F. Draw EB and prolong to C’. This is the 
centre from which the larger circle of Fig. 4 (of the 

uoted paper) must be struck. Mark the point D on 
the Heyland circle so that ED represents the phase 
current to which the voltage-drop E 8 corresponds, and 
draw a circle with E as centre. Where this circle inter- 
sects the circle struck from C’ is the locus. E B repre- 
sents the slip volts and from this can be found the slip. 
Having determined the slip we can calculate what small 
reduction in 8 B is required to account for diminished 








*G. Kapp: “Phase Advancing,” Journal J.E.E., 
1913, vol. li, page 252. 

+ The proportionality would be perfect if it were not 
for the fact that the contact drop at the brushes and slip- 
rings does not follow strictly Ohm’s law. For the sake of 
simplicity this disturbing influence is here neglected. 
In the discussion of the oscillating phase advancer the 
increase of resistance with diminishing current is, however, 
taken into account. 








relative speed between the rotating flux and the rotating 
winding and repeat the construction. The resulting 
locus curve has the character shown in Fig. 13. The 
effect of saturation is to avoid excessive phase advancing 
at heavy load and yet obtain a satisfactory power factor 


Scherbius Phase Advancer. 








B.H.P. of Motor. 150 420 500 1,700 
| 
Slip-ring volts 300 635 770 1,030 | 
Injected volts 10°5 21-5 25 14 
a are: amperes be 260 380 | 350 900 
K.V.A. of advancer ee 4-7 14-2 15°1 22 
Original slip, per cent. .. 3 | 16 2 1 
poe med peed g wer ee 0-87 | 0-85 | 0-78 0-91 ' 
Improved power factor . . 1 0-95 0-995 0-965 
— | Leading — Leading 
Recovery k.v.a. .. 65 290 | 285 960 








at lighter loads. As will be seen from the locus curve, 
the overload capacity is sensibly increased. 

I am indebted to Messrs. Brown, Boveri, the makers 
of the Scherbius phase advancer, for the examples 
given above of the practical results achieved with these 

In all cases the frequency is 50. 
* Recovery ”’ 


machines. 


The line 
marked 


contains the wattless leading 


Power factor 


Efficiency, per cent 





bhp. 


Pig.9. —Performance curves of a 225 bhp «Hunt 
(8 + 4)-pole cascade motor. 
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Fig.13.—Locus curves of induction motor furnished with 
17892.) phase advancer. 


k.v.a. by which the lagging k.v.a. of the motor working 
alone has been owt. In some cases the reduction 
is great enough to make the phase angle negative. 
The ship is that of the motor at full load working alone ; 
this, with phase advancing, is more than doubled. The 
exact increase can be calculated from the slip-ring 
voltage, current and recovery. 

Oscillatory Type of Phase Advancer.—The author's 
phase advancer, more generally known under the name 
“vibrator,” has already been described in his previous 

aper, and the description need therefore not be repeated. 
t may, however, be of interest to note that its action 
is simply that of a condenser of very large capacity 
and that this capacity has a fixed value for every type.* 
Let m be the mass of the armature reduced to its radius 
and to mass units of 9-81 kg., @ the flux in megalines 
produced by the external direct-current excitation, and 
7 the distance between armature conductors in centi- 





* In the following note the expressions differ from those 
in the text mainly in that they involve M,, the moment 
of inertia, and Za, the total number of conductors on 
the armature, instead of the author’s m and r. 

The quantity of electricity in a condenser is 


Q = fide =Ce 


where C is the capacity and e the voltage at the terminals. 
In the case of the vibrator we have 


fra = 


where T is the torque in kilograms (force) at a metre, 
M, is the moment of inertia in kilograms (mass) at a 
(metre)?, and w is the a r velocity at any instant. 

If Za is the total number of conductors on a two-pole 


M, w 
9°81 
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metres ; then a characteristic constant for any type of 


vibrator is 
p=! (2 y° 
m\r 


and the equivalent capacity of a static condenser is 
C= i farad 
B 


From this relation it follows that the leading E.M.F. 
injected is 
e=B i volts 


Lo 


where I is the current, and w, the circular slip frequency. 

Although current and slip are not strictly proportional, 
both increase together and it follows that, even for light 
loads, a good power factor can be obtained with an induc- 
tion motor by adding a vibrator. This is illustrated by 
Fig. 14 giving the power factor for a 330-b.h.p. motor 
when working alone and when working with a vibrator. 
I am indebted for these curves to the General Electric 
Company. They refer to a motor supplied to the Sutton 
Heath and Lea Green Collieries for a line pressure of 
6,000 volts, 50 cycles, and a speed of 1,460 r.p.m. 

The loss of power in the armature may be expressed 
by pl, where p represents not only the armature 
resistance, but also the contact resistance at the brushes 
and the equivalent values for iron and frictional losses. 
Let Reg be the resistance of the rotor phase, then this 
with the vibrator in circuit is increased to 


R = Re +p 


Since p includes iron bosses and mechanical friction, 
both of which depend on the speed, its value is not 
absolutely constant, though always small in com- 
parison with Rg. The crest value of the ~~ of the 
armature lies generally between the limits of 600 r.p.m. 
and 1,500 r.p.m. Taking some mean value, say, 1,200 
r.p.m. or 20 revolutions per second, we calculate w as 
shown below as a first approximation and from this the 
crest value of the s If this comes out different 
from the first assumption of 20 revolutions per second, 
we determine the new value of p and from this the corre- 
sponding value of w in a second approximation. Since 
the influence of a change in p is very slight, this second 
approximation is generally sufficient. It is not necessary 
to burden this paper with the complete theory of the 
vibrator, but some hints as to its practical applications 
and the method of constructing the locus diagram 
may be useful. Let, for an induction motor, the 
Heyland circle, the circle ratio, the working point 
at full load, the open slip-ring voltage, the rotor current, 
the phase resistance and the slip be given. The ques- 
tion is what type of vibrator must be used to get approxi- 
mately unity power factor. To design the vibrator 
specially for each case so as to get precisely a given 
power factor either leading or lagging is not a good 
commercial policy. A strongly leading power factor 
although it can be obtained by a vibrator, is in any 
ease undesirable because the large increase of rotor 
copper heat could no longer be compensated by the 
saving in the stator copper heat, so that the output of 
the motor would be reduced. Whether the power 
factor is a few per cent. leading or lagging is of little 
importance; but what is of importance is that by 
the use of the vibrator a substantial percentage of the 
full-load k.v.a. shall be recovered in the shape of leading 
k.v.a. and given to the line. By substantial I mean 
anything between 40 per cent. and 70 per cent. This 

reentage depends primarily on the original slip and the 
ere of the supply ; the lower these values are, the 
greater is the recovery. 

Let, in the following, w, be the circular frequency 
of the line, E the open-circuit phase ge of the 
rotor, wo the circular slip frequency when the motor 
works alone, w, the circular slip frequency when the 
motor works with the vibrator; and let 


p = a thm ena= injected E.M.F. 
sin a RI 








vibrator, @ the flux per pole in megalines, then the instan- 
taneous watts 


=eisithag x 10-2=T x 9-81 x w 


therefore oa . 
m ‘Sl x2 
Gam F deep 
Zag x 10-2 
also 
2re 
oO 2 .............. 
Za gd X 10°2 


9°81 x 2r 9-81 x2r M, w 
; 2 geese GPs ceeeteeenneen eee 
[ea : « | Zo x 10% * 81 


The vibrator therefore behaves electrically as if it had 
a@ capacity : 
C=M, x 47 x 104 farads 
Zio 
Referring to the text it will be seen that r = 2 w r/Za, 
where r is the radius in centimetres at which the con- 
ductors are placed. 


If now, instead of M,, we write 


9-81 mrt , 
eee 00 bes the 
104 = 


expression to the units of the author, we get C 


mn. (5)°— w. 
0-103 \S 


Then the following relations obtain : 
Crest value of circumferential force F = 0-14 21 kg. 
T 


Crest value of circumferential speed v = 





m, per 
m Ws 
second, 
Cireular frequency of slip ws; = ——_. 
R tana 
Increase of original slip a 


The relation between 8 and tan a may be taken from 
Fig. 15. 
Having thus obtained tan a we find w and the injected 


EMF., e = 5! 
@ 


=O 
tan & 








i 
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Fig. 15 -Showing the relation between £ 


and tan a in vibrator 
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Fig.16.-Locus curve of a 1090 bhp motor furnished 
with vibrator 
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Fig.17.—Arvangement and connections of Kapp vibrator 

































The crest value of the armature speed in revolutions 
per second is: 
_ 100 
=v? 
aD 
where D, the diameter of the armature, is in centimetres. 
If this comes out widely different from that at first 
assumed, p must be calculated afresh and the calcula- 
tion for ws, 8 and tan a repeated. The correction is 
generally small. In a rough approximation tan @ may 


also be taken to represent the ratio leading k.v.s. injected 


u 





kw. supplied by line. 
But more accurately this ratio is represented by the 
dotted curve in Fig. 15. 

Fig. 16 shows to scale the locus curve for a 12-pole 
1,090 b.h.p, motor provided with a 16-5 em. by 30 cm. 
vibrator. Terminal voltage 6,600, frequency 50, open 
slip-ring voltage 675, normal full-load slip 0-8 per 
cent. On account of this unusually tn | slip the 
power factor is slightly leading above half load, and at 
full load the recovery is nearly 80 per cent. The motor 
is direct coupled to a generator which supplies single- 
phase current to a circuit distinct from the general 
three-phase circuit. 

The data of the vibrator are: Armature 16-5 cm. by 
30 cm.; commutator 12-5 cm. by 22-5 cm.; mass 
3-9kg. ; flux 4 megalines; B = 0-088. The equivalent 
resistance p is not constant, but depends pak 
and the rotor current. It is given in the following 





table :— 


I= 500 450 400 300 200 100 
p = 0-006 0-0063 0-0072 0-010 060-0165 0-050 
R = 0-0174 0-0177 0-0186 0-0214 0-0279 0-0614 


The rapid increase in p at very light load is due to certain 
constant losses such as brush friction, iron losses and 
the fact that contact losses at the commutator and slip. 
rings do not follow Ohm’s law. The effect on the locus 
curve is seen in its shape near the origin. 

The exciting force is 5,000 ampere-turns for each 
armature, involving for all three armatures an expen- 
diture of about 600 watts. From the mathematical 
investigation above cited it will be seen that the phase- 
advancing effect of the vibrator depends on the square 
of the flux and is inversely proportional to the mass. 
This points to the use of 2-pole armatures of small 
diameter and comparatively great length. This propor- 
tion found in practice to be suitable is about 1 to2. Since 
the air-gap can be made very small the power required 
to produce the strong field: is not very large; it varies 
from the smallest type (D = 10 cm.) to the largest 
hitherto made (D = 16-5 cm.) between } kw. and 
1 kw., which means from 0-25 per cent. to 0-1 per cent. 
of the power of the motor. 

The connection of the vibrator with the slip-rings 
may be either in star or in delta. The choice depends 
on which type comes nearest to the given full-load 
rotor current, but as a general rule delta connection 
is preferable because of the smaller current. As the 
vibrator is essentially a low-voltage machine it is 
advisable to make it the star point of the rotor circuit. 
This has the advantage that no switch of any kind is 
required. The starter must be insulated on all its 
six poles. On starting, the high-frequency current 
goes through the vibrator and makes its armatures 
merely quiver; as the slip frequency decreases they 
begin to oscillate, and when the starter is completely 
short-circuited the oscillation has reached the full 
amplitude. The inductance of the armatures being 
only a very small fraction of that of the rotor phases 
there is practically no reduction in starting torque 
when the vibrator is in circuit. Where the starter 
is only insulated at three poles a change-over switch 
must be provided which makes contact with the vibrator 
before it disconnects the starter. 

The housing of the armatures in a common magnet 
frame and the connections between the phase advancer 
slip-rings and starter are diagrammatically indicated 
in Fig. 17. For star coupling the brushes a, }; c; are 
joined together and the brushes a b ¢ are connected 
to the slip-rings. For mesh couplin the brushes 
a; and b are connected to slip-ring C ; 6; and c to slip- 
ring A, and c; and a toslip-ring B. If the phase-advanc- 
ing is only carried to about unity, but does not make 
? negative, there is no appreciable increase in rotor 
current, so that there is no increase in rotor copper loss ; 
there is, however, an appreciable reduction in stator 
current and therefore a saving in stator copper loss., 
For the same total copper heat the permanent rating of 
the motor may therefore be slightly increased. Where 
the rating is fixed with regard to short-time overloads, 
the increase in rating may be considerable (20 per cent. 
to 30 per cent.) so that the cost of a motor with phase 
advancer will not appreciably exceed that of a larger 
motor without phase advancer. 

The power lost in the phase advancer is very small 
and is approximately compensated by the saving in 
stator copper loss, as will be seen from the following 
figures for which the author is indebted to the General 
Electric Company. 





B.H.P. of Motor. 








350 | 375 | 800 
| 
Loss in phase advancer including 
excitation, watts .. 


Saving in primary copper loss, 
watts < °° ee oe 





2,000 | 3,740 | 3,900 
1,900 | 4.600 | 4,400 
' 





_ (To be continued.) 





TEMPERATURE COEFFICIENT OF THE REFRACTIVE 
InDEx oF Liquips.—Most of the observations on the 
map X the index of refraction of liquids with tempera- 
ture have been limited to small temperature ranges near 
room temperature. In the case of water there were 
only the determinations of Riihlmann and of Kettler at 
temperatures above 50 deg. C. The experiments of 
Elmer E. Hall and Arthur R. Payne, of the University 
of California (Physical Review, September) were made 
with the aid of a ial precision spectrometer, the 
heavy telescope of which has a 10-in. divided circle. Two 

risms were used. The one prism, of brass and glass 
plates, was placed within an electric heater jacket ; the 
stirrer for the liquid and the brass were gold-plated 
inside, since contact of the water with the brass appreci- 
ably changed the index within a few hours; this prism 
had a volume of 70 cub. cm. The other larger prism, 
of 1,500 cub. cm., was surrounded by a jacket through 
which hot oil was circulated ; this arrangement proved 

referable for maintaining definite constant temperatures. 

t was found that the index of refraction of water for 
sodium light steadily decreased from 1 -33333 at 16 deg. C. 
to 1-31828 at 98-4 deg. C.; the temperature coefficient 
rose, as higher temperatures were reached, from 0 -00008 
at 15 deg. to 0-0003 at 98 deg. Slight impurities had 
a decided effect on the index, but they did not greatly 
affect the temperature coefficient. The index of ethyl 
alcohol decreased from 1 -36290 at 14 deg. C. to 1-33626 
at 76 deg. C., that of carbon disulphide from 1 -62935 at 
15 deg. to 1-60499 at 45 deg. C. ; the changes of the tem- 
perature coefficients with rising temperature were much 
smaller in their cases than with water. The slight devia- 
tions of these figures from other values may Be due to 





different degrees of purity of the materials. 
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the advertisement of the it of a C lete Specification, 
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give notice at the Patent Office Ph oe wy to 
Patent on any of the grounds mentt in the Acts 


ELECTRICAL APPARATUS. 


183,716. T. S. Entwistle, Crewe. Jaen Telegraph 
Poles. (5 Figs.) August 8, 1921.—According to the invention, 
an anchor for the stays of telegraph poles comprises a strip of 
metal 1 bent double upon itself at 2 and inserted into the ground 
with its free ends downwardly, these ends being slightly splayed 
in an outward direction so that in the act of driving the anchor 
into position, the ends will spread outward in the ground to key 
it in place. In order to insert this anchor into the ground, a steel 
tube 4 is employed to act as a guide, and this is placed in a hole 
formed by driving a picket of hard wood or iron into the ground. 
The_metal strip 1 forming the anchor is placed inside this guide 


(83/6) 





so that the lower ends face downward. A special tool 5, 
shown in use in Fig. 1, is provided with a lower end 6 which fits 
closely into the bore of the tube 4 and engages over the bent 
upper end 2 ofthe anchor 1. The anchor is driven into the earth 
by means of a series of blows delivered upon the upper end of 
the special tool 5. This causes the outwardly-splayed lower 
ends of the anchor to be forced out into the earth, as shown 
in ag so that they form an effective key to hold the anchor 
therein. The guide tube 4 is subsequently removed and the 
earth pressed round the anchor 1, so as to ld it as shown in 
Fig. 2. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


183,863. E. A. Franks, Arklow, and S. W. Hansen, 
Cardiff. Internal Combustion Engines. (2 Figs.) April 29, 
1921.—This invention relates to two-cycle internal-combustion 
engines having a compressor of considerably smaller size than the 
scavenging pump usually employed, by which the air is com- 
pressed to a greater pressure, and an air injector communicating 
with the compressor, the high me ay air from the injector, by 
induction, supplying to the cylinder or cylinders uired 
volume of air at the required pressure for ene ve 
to this invention, a ve is provided between the reservoir an 
the injector which is operated by the engine, and a second valve 

















pressed air to ports 

air is brought by a pipe 
air passes to an injec- 

ipe f provided with a light non-return valve g 


is provided for controlling the supply of com 
in the cylinder wall. The compressed 

@ to a valve b operated by a cam ¢. 
tor nozzle ¢ ina 
through which a flow of air from the atmosphere is induced b 
the injector. The pipe f leads to the head of the cylinder w 

is provided with the ordinary air scavenge valves h. There is 
provided, in addition to the described arrangement, a second 
valve 61, as shown in Fig. 2, actuated by a cam cl and delivering 
air from the pipe a to a port or ports in the wall of the cylinder, 
thus giving an initial pressure in the cylinder before compression 
takes place equal to that in the scavenge compressor. (Sealed.) 


P. W. Petter, Yeovil, and Petters, Limited, 
Internal Combustion Engines. (4 Figs.) August 23, 
1921.—This invention relates to means for lubricating two- 
stroke cycle internal-combustion engines of the type in which 
the oil is delivered to the and carried by 
channels formed in the throw of the crankshaft. Accordin 

to the invention, the oil is fed to the bearing and convey 

by a helical J cng to the channel formed in the interior of the 
throw and ce, if desired, along the connecting rod to the 
gudgeon pin. fis an oil container provided with a sealed cover 
aud connected to the crank-case a by the air pipe A fitted with a 
non-return valve. The oil passes from the container Fh 
he +, © and 4 to the main bearings bl and be. crank- 
convey oil 


vided with spiral grooves jl and j2 ada to 
wards the and Bt eon 


crank-case a. 


iagonal 




















holes drilled through the crankshaft in continuation of the spiral 
grooves ji, j2 adapted to convey the oil from the main 
to the sy ey bearing ¢l of the connecting rod. il is delivered 
from the e end bearing cl of the connecting rod to the small 
f 
cae Siri 
' ‘ ' 
a ee 
H ' H 
| : a 
H he | ~ ; 
1 f: \ ty 
' N : ' ' 4 
ese a Tee: 
| 1? 2 
Go wa 
| wil aaa 
i rd ‘ t.2 
i H : 
i ' 
i , ' 
! ' ' 
H ' 
' ! ‘ 
' ' ' 
' ! ' 
Lecce Leowond 
(182.728) 
m opening 


end bearing el of the connecting rod by means of a pi 
inside the ) bot + cl, the oil then entering the hollow gudgeon 
pin by means of orifices e2 and pms on to the cylinder walls 
of the engine to lubricate the cylinder and piston. (Sealed.) 


183,567. F. W. Mead, Solihull. Internal Combustion 
Engines. (2 Figs.) April 25, 1921.—This invention relates to 
internal-combustion engines of the type in which the ves are 
actuated by a camshaft arranged above the cylinder heads. 
According to this invention, an engine delivers oil to a reservoir D 
located around one of the camshaft bearings E and the overflow 





























(183.567) 

















po 


from this reservoir is conducted by means of a pipe G, preferably 
arranged over the camshaft F, to a reservoir in w! are 
located other camshaft bearings J. The overflow from the 
reservoir H takes place into a compartment L containing 
ears M, N driving the camshaft, and from this there is an over- 
low O at a suitable height leading the oil to the crankshaft, 
crankcase or other parts. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


183,642. A. Smallwood, Highgate, London. Conveyor 
Chains. (5 Figs.) May 25, 1921.—This invention com 
improvements in the construction of chains for conveyors. The 
invention relates to chains constructed from a series of jointed 
links a, each of a flattened tubular form, and in which each length 
of tube is disposed transversely of the chain in such a manner 
that its opposite longitudinal edge portions al provide spaced- 
- for an adjacent pair of transverse joint pins b 
of the chain. According to the invention, a conveyor chain of 
the type referred to is characterised by the intermediate flat web 
portions a2 of each tubular link being inwardly pressed to po 
a@ means of rotatably retaining the joint 6 within the end 
bearings of the link. Advantageously the intermediate flat 


Fig.7. 



































manner as to paced slightly less than the 
external diameter of erfnr fh SEF thereby sub- 
stantially semi-cylindrical) en the pins 








MACHINE AND OTHER TOOLS, SHAFTING, &c. 


183,578. W.F. Becket, London, and White, Jacoby and 
Co., Limited, London. Drilling Machines. igs.) 
A 26, 1921.—This invention relates to the feed mechan 
of drillin es. According.to the invention the adjacent 
ends of the feed screw } and of the drill spindle ¢ are provided 


with an internal gear wheel ¢ and a jon t, res ively, whilst 
a train of gear wheels j, k, 1, m m g with the internal gear 
wheel ¢ and the pinion ¢, is carried on a framing g supported on 


an extension of the feed screw in such a manner that it can be 
connected to a fixed part in order to transmit motion from the 
drill spindle to the feed screw by the gearing, or disconnected 
therefrom, so as to revolve without rotating the feed screw. 
The feed screw b is formed with an enlargement d carrying the 
internal gear wheel ¢, this enlargement — a circular rim 

projecting beyond the internal gear wheel and forming a kin 








of housing, and the frame g carrying the train” of gear wheels. 
j, &, l, m is made in the form of a disc also provided withfa rim 
to fit on to the rim f and serving to house completely the gearing 
j,k, l,m. The frame carries a stop o designed to.be manipulated 
to engage the drill framing p or to be free thereof. The stop o 
is in the form of a T-piece on a stud g arranged to turn and slide 
longitudinally in a vertical hole r in a projection s on the frame g. 
To lock the T-piece oin engagement with the drill framing p, a 
groove ¢ is formed in the underside of the projection s into wi 

the T-piece fits, as indicated in Fig. 1, and in which it is held 
by a spring encircling the stud ¢ and located in a socket in the 
projection s. To allow the stud g¢ being disengaged from the 
drill framing p, the stud ¢g must be de the preseure 
of the spring until the T-piece o is free of the groove t, when the 
isuieay be turned out of engagement with the drill framing 


183,614. White and Poppe,f'Limited, Coventry’ and 
J. s: Thompson, Coventry. ey weed A 


y. 
(1 Fig.) May 9, 1921.—This invention relates to 


dressers for 
shaping emery wheels to s 


ific forms of the kind in which a 
rotating member is provided with an appropriately contoured 
periphery which is brought into contact with the acting edge of 
the wheel and drives or is driven by it during the yout pe 
According to this invention, a steel dresser A is formed as an 
exact counte! of the desired finished shape of the grinding 
face of the wheel B and is employed upon a “ hard ded 

abrasive wheel, its action thereon being such that during the 
shaping process the particles of grit are torn away from the wheel B. 




















(183614, 


The latter is of a nature adapted to resist change of shape under 
pressure - oy to carry out the process, and as is well known 
such wheels are of a hard brittle nature and resonant if struck, 
whereas a wheel having a plastic bond is of flexible nature and 
lacks resonance. From the foregoing, it will be seen that the 
present invention is clearly distinguished from previously - 

ethods i h as the shaping is effected by an abrading 
action upon a hard and brittle materia) and not by pressure upon a 
plastic material which is deformed by the dresser. It will also be 
evident that to abrade the wheel, a lower pressure upon the 
(Sealed) be used, and thus it will be less liable to wear. 


183,658. 8S. Milne, Edin - Combined Bearing and 
Lubricator. ( ] June 8, 1921.—The invention has for 
its o' a construction of combined bearing and lubricator. 
Acco g to the invention, the improved combined bearin: 
lubricator of a journal bearing formed in one ha 
lubricator, this latter being preferably arranged above the bearing. 
The bearing a is made solid and bored to closely fit the roll end b, 
its two faces being machined parallel so that one may fit 
against the shoulder ¢ of the roll d and the other be ada: 





to 
. The 


a 
t its upper end 


ively deep to form a reservoir i for oil. 
bricator body A is threaded externally to receive an 


he lu 
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internally screw a cap 4. In | the top edge of the lubricator is 
formed a groove & through which, and the screw threads, air 
may enter the lubricator in sufficient quantity to allow of oil 





in the lubricator to be syphoned into the bearing by means of a 
thread syphon /, the interior of the lubricator being provided with 
a vertical tube m extending to a point near the cap, through which 
the thread syphons the oil. (Sealed.) 


MINING, METALLURGY, AND METAL-WORKING. 


183,373. J. S. Atkinson, Westminster, and Stein and 
Atkinson, Limited, Westminster. Glass Furnaces. 
(9 Figs.) August 26, 1921.—This invention is for improvements 
in glass furnaces. According to this invention, the improved 
furnace comprises a tank chamber 2 wherein a charge of glass 
is treated, a gas producer 1 connected by ducts 8, 9, 6 with the 
tank chamber 2, a recuperator 3 connected by ducts 4, 5, 6, with 


it 


















































the tank chamber 2 and constructed of a plurality of hollow 
blocks placed one over another to constitute vertical passages 
for the fluid to be heated and assembled in rows, with the blocks 
in each row separated from one another, and with the rows 
spaced apart to constitute intersecting horizontal passages for 
the heating medium, and waste gas outlets 10, 11 connecting the 
tank chamber 2 with the appropriate spaces and passages in the 
recuperator. (Sealed.) 


> 183,241. W. Rowlands, Stockton-on-Tees, Ladles. 
(2 Figs.) April 19, 1921.—This invention relates to teeming 
devices for ladies adapted to hold molten steel. According to this 
invention, a pot e is provided at the base of the ladle and is 
furnished with a circular plug or cock j adapted to be turned to 
allow the molten steel to flow through a passage A in the pot. 
The pot ¢ and the circular plug or cock j is made of fire-resisting 
material. The pot e is seated in a steel box ¢ fastened to the 
bottom of the ladle and is removable so that a new pot may be 





inserted when necessary. The end cf the circular plug or cock j 
projects through the side of the stee! box ¢ and is provided wit: 
@ recess or a oe end I by which it can be turned with a key. 
The hole & in the cock corresponds in size with the hole A running 
through the pot so as to register with each other when the cock 
is turned. The working surfaces between the cock and the pot 
may be protected by a packing of blacklead, plumbago or other 
suitable material. A fresh pot is employed at each heat or as 
required. (Sealed.) 


MOTOR ROAD VEHICLES. 


183,218. W.S. Boult, London. Variable Change-Speed 

. (3 Figs.) April 15, 1921.—This invention relates to 
variable-speed gears of the type comprising driving and driven 
shafts 10, 11 mounted in alignment with one another and a 
parallel countershaft 12 carrying a set of gears which mesh with 








co-operating gears on the driving and driven shafts, the co- 
operating gears being selectively Soe with one another to 
provide the desired changes in the velocity ratio of the gear. 
According to this invention, a variable speed gear of the type 
above described is characterised in that a set of three or more 
change-s wheels 22, 23, 24 on the shaft 12 are mounted 
closely side by side in the order of their diameters, and the set 
of co-operating wheels 18, 19, 20 on the shaft 11 are so shaped 
that each wheel when moved axially to engage the co-operating 
wheel of the first set can enclose and occupy the same plane as 
the next smaller wheel of its own set. The overall length of shaft 
occupied by the gears is thereby reduced to a minimum, so that 














the distance between any gear wheel and the bearing which sup- 
ports it, is also reduced to a minimum when the wheel is in its 
meshing position. Preferably the gears are so arranged that 
the two sets of wheels overlap one another longitudinally of their 
shafts to the extent that in the neutral position, the smallest 
or end wheel 20 of one set lies in the same plane as the second 
largest wheel 23 of the other set. According to another feature 
of the invention, the two sets of co-operating gears are so disposed 
that in the neutral position, each wheel of one set lies in the 
same plane as the wheel of the second set which is next smaller 
than the mate of the said wheel in the first set, whereby the 
movement of any of the wheels to bring them into their engaging 
position is approximately the same amount and is in the same 
direction for allof them. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


183,604. L. M. Bl » Denny, and J. C. Couper, Duni- 
pace, Denny. Rail Chairs. (3 Figs.) May 2, 1921.—The 
invention relates to chairs for railway rails of the kind comprising 
a base plate having a fixed jaw on one side adapted to abut 
against the web of the rail and a movable pivotal jaw on the 
projecting lower limb of which the rail is entirely supported, the 
movable portion having a jaw which abuts against the opposite 
side of the web of the rail and co-operates with the fixed jaw to 
secure the rail in position. According to the invention, the 
movable jaw 7 is of substantially L-shape and the base portion 





6 thereof is shaped to support the rail base 12 over the whole 
width, whilst the other limb co-operates wit» the fixed jaw 2 
to grip the web 13 of the rail between them, the base 1 of the chair 
being provided with a curved recess 5 extending beneath the lower 
limb 6 of the movable jaw and extending up towards the fixed 
jaw 2 to provide clearance for the lower limb 6 of the movable 
jaw and the side of the rail base 12, whereby the whole load on the 
rail is utilised to increase the grip between the fixed and mov- 
able jaws 2, 7. The junction of the limbs 6, 7 of the L-shaped 
movable pd is — with a cylindrical bearing portion 8 
engaging in a similarly shaped recess or socket 9 in the sole of the 
chair about which it turns in a known manner. (Sealed.) 


183,209. J. Mather, Stockton-on-Tees, and W. Walker, 
Stockton-on-Tees. Rail Bonds. (6 Figs.) April 13, 1921.— 
This invention relates to rail bonds. The invention refers to 
rail bond connections of the kind in which it has been proposed 
to secure an inner shank, provided on the end of a bond disposed 
on one side of a rail, within an outer sleeve provided on the corre- 
sponding end of another bond situated on the opposite side of 








the rail, and this through and inside a single hole formed in the 
latter. According to the present invention, the inner shanks ¢ 
are solid and the outer sleeves d are hollow from end to end, and 
the bonds a are attached to the rails by applying pressure wholly 
externally of the inner shanks ¢c and the sleeves d, directly against 
the opposite ends or sides of the shanks simultaneously, and from 
opposite sides of the rails, by means of a bonding press or similar 
machine. (Sealed.) 


183,326. S. T. Dutton, London, and The Westinghouse 
Brake and Saxby Signal Company, Limited, London. 
Operating Railway Points. (5 Figs.) June 10, 1921.— 
This invention relates to mechanism for operating facing points 
of the kind in which the tongues of the points, the point lock, 
and the treadle bar are arranged to be operated by a single lever. 
According to the invention, the improved mechanism comprises 
a rotatable shaft 4 adapted when rotated to transmit by means 
of a worm 7 or its equivalent longitudinal movement to a shaft 
or rod 5 mounted in the same casing or frame 1 and connected 
to the tongues of the points 14, the shaft 4 being adapted to be 
operated by means of an elliptical ey 15 which is so connected 
to the t operating wires 16, 17 that when the points 14 are 
set in either of their extreme positions a greater tension is exerted 
upon the wire by means of which the points will be displaced 
from this jon than upon the other , the poe exerted 
upon the shaft 4 by the tension in the former wire during the 
initial displacement of the points being correspondingly increased. 





Rigidly secured to the outer face of the elliptical pulley 15 adjacent 





to the point in its periphery which is farthest from the axis 
of the pulley, is a st 24 which is connected to one end 
of a rod 25, the opposite end of which is arranged to operate the 
point locking mechanism 22 and the tr ie bar 23. The 
mechanism is so arranged that when the elliptical pulley 15 is in 
one or other of its extreme itions corresponding to the normal 
or reverse setting of the points 14, the stud 24 is in the vertica| 
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centre line of the pulley 15, the rod 25 being substantially hori- 
zontal. As a result, the maximum horizontal rate of movement 
of the stud 24 occurs at the beginning of the movement of the 
pulley 15 from one or other of its extreme positions with the 
result that a rapid travel is imparted to the connection leading 
to the treadle bar 23 and point lock 22, at the required time, viz., 
at the commencement of the stroke. (Sealed.) 


183,355. D.H. Lee, Paddington. Jointing Railway Rails. 
(4 Figs.) July 19, 1921.—This invention has relation to the 
jointing of railway rails by means of fishplates of the type having 
a girder portion at the meeting —— of the rails and tie or 
tension members connecting the sleepers together at each joint. 
In accordance with this invention, bull-headed or flat-bottomed 
rails are joined together by fishplates 3, 4, each with a web portion 
having flanges along its top and bottom portions, the upper 


, Fig.t. a2 


Eo 
WS 


Warr: 
H WSs 











7A 














\ 











(183.385) uy 
flange 5 being shaped to seat on the underside of the rail head 6, 
and the lower flange 7 being horizontal at its end portions 7 
and merging between such portions into a more or less vertical 
member 7b. Sleepers 9 are disposed on each side of the meeting 
point of the rails 1, 2, and one or two tie or tension members 11 
connect the sleepers together at each joint, the fishplates, sleepers 
and tie or tension members being all bolted together. (Sealed.) 


MISCELLANEOUS. 


183,509. J. A. Malcolm, Plumstead, UnionYof South 
Africa. Building Blocks. (6 Figs.) February 25, 1921.— 
This invention relates to hollow building blocks or slabs. Accord- 
ing to the invention, the block or slab is constructed of concrete, 
cement, terracotta or the like and is substantially rectangular, 
and consists of two portions 6, 7 having converging interlocking 
projections 8 formed thereon. These projections are so shaped 
as to form a bulbous converging joint, as can clearly be seen 
in Fig.4. A damp-proof layer or seam 9 is introduced between 
the projections and is carried to the extreme edges of the rebates 
on four sides of the block. The projections form air passages 
































10, 11, within the block so that a hollow block is formed. It will 
be seen that the two ms of the block are off-set in two 
directions at right angles to one another so that at the top of the 
external face 12, a rebate 13 is formed against the wonthet, the 
interlocking projections on one portion projecting beyond those 
on the other portion on the top face of the block and forming 
a recess, and being below said projections on the opposite face of 
the block. This is clearly seen at E and F, Figs. 1 and 2. Similar 
rebates are formed at the lower end of the face 12, and at the ends 
of the block. This method of off-setting the faces enables a 
series of blocks to interlock when placed side by site or super- 
posed, preventing movement or shifting. (Sealed.) 





